
AD-A5 332 HOSKINS-WESTESONDEREGGER 
INC LINCOLN NE 

F/G 13/13
NATIONAL DAM SAFETY PROGRAM. THOMAS HILL RESERVOIR DAM (MO 1013--ETC(U)
MAY A0 R S DECKER, G JAMISON, G ULMER DACW43-BO-C-0071

UNCLASSIFIED NL

BIUEBEEEEEEEEE

mEE.EEn~iiiiEEE



GRAN-CHARITON BASIN

T HOMAS HILL RESERVOIR DAM

-moo RANDOLPH COUNTY, MISSOURI

PAO 10134

PHASE I INSPECTION REPORT
NATIONAL DAM SAFETY PROGRAM

Ste Louis. District OTJ3i~
A

mrEPARD BY: U&S AIRMY ENGINEER DISRICT, ST. LOUIS

POP: STATE OF MUSSOUI ; ith~ eend~C

MAY, 1960

81 10 9 0 20 I

4~J&



UNCLASSIFIED
SECURITY CLASSIFICATION OF THIS PAGE ("on.. Does Entered)

REPOT DCUMNTATON AGEREAD INSTRUCTIONS
REPOT DCUMNTATON AGEBEFORE COMPLETING FORM

REPOT NUBER 2. GOVT ACCESSION NO. 3. RECIPIENT'S CATAL.OG NUMBER

A~ A~i al 3 L _ _ __ _ _

' TTLE rd Subtile) ReprtPE_ OF REPORT A PERIOD COVERED

National Dam Safety Program Final ipw
ToaHilRsrorDam (MO 1013J4 ) .PROIIOR.*OTNME

RandlphCoutyMissouriT.PROMN G "R UBE

7. AUTIHOR(e) 8.CNRC RGATNUMBER(s)

Hoskins-Western-Sonderegger, Inc.

I DAO.'W43-86-C-0O7l
9. PERFORMING ORGANIZATION NAME AND ADDRESS 10. PROGRAM ELEhMENT WRQECT' TASK
U.S. Army Engineer District, St. L~ouis AREA & WORK UNIT NUMBERS

I I. CONTROLLING OFFICE NAME AND ADDRESS

14. MONITORING AGENCY NAME & ADORESS(If different from Controlling Office) 1S. SECURITY CLASS. (of thie report)

( -~ -. UNCLASSIFIED"I Rey S. /Decker Gordon /Jamison 15&. DECLASSIFIC ION/DOWNGRADING
~Garold /Ulmer Harold.-P.. floskins SCI4EDU

IS. DISTRIBUTION STATEMENT (of thls Report)

Approved for release; distribution unlimited.

17.OITRIUTON INcqtional Dam Safety Program. Thomas ___________

Hill Reservoir Dam (Mo 10134), Grand-
Chariton Basin, Randolph County,
Missouri. Phase I Inspection Report.

III. SUJPPLEMENTARY NOTES

IS. KEY WORDS (Continue an t*v~tC* aide it necesary and identify by block number)

Dam Safety, Lake, Dam Inspection, Private Dams

il0 A911T'RACT (CMVI~ne suaevwu oft Mn- y od Identify by block number)
This report was prepared under the National Program of Inspection of
Non-Federal Dams. This report assesses the general condition of the dam with
respect to safety, based on available data and on visual inspection, to

determine if the dam poses hazards to human life or property.

WP W 43 EVITIOW OF I NOV 6S1 IS OLIETE UCASFE

11fL J 3 SECURITY CLASSIFICATION OF THIS PAGE (When Dots Entered)

p.0,



SECURITY CLASSIVICATION OF THIS PAOS(Whin Data 60twOO(

SECURITY CLASSIFICATION OF THIS PAOEI1Uon Data Btnt.,.E)



INSTRUCTIONS FOR PREPARATION OF REPORT DOCUMENTATION PAGE

RESPONSIBILITY. The controlling DoD office will be responsible for completion of the Report Documentation Page, DD Form 1473, in
all technical reports prepared by or for DoD organizations.

"LA ICATION. Since this Report Documentation Page, DD Form 1473. is used in preparing announcements, bibliographies, and data
ban,. to should be unclassified if possible. If a classification is required, identify the classified items on the page by the appropriate
symbol.

COMPLETION GUIDE

General. Make Blocks 1, 4, 5, 6, 7, 11, 13, IS, and 16 agree with the corresponding information on the report cover. Leave
Blocks 2 and 3 blank.

Block . Report Number. Enter the unique alphanumeric report number shown on the cover.

Block 2. Government Accession No. Leave Blank. This space is for use by the Defense Documentation Center.

Block 3. Recipient's Catalog Number. Leave blank. This space is for the use of the report recipient to assist in future
retrieval of the ocument.

Block Title and Subtitle. Enter the title in all capital letters exactly as it appears on the publication. Titles should be
unclassified whenever possible. Write out the English equivalent for Greek letters and mathematical symbols in the title (see
"Abstracting Scientific and Technical Reports of Defense-sponsored RDT/E,"AD-667 000). If the report has a subtitle, this subtitle
should follow the mawn title, be separated by a comma or semicolon if appropriate, and be initially capitalized. If a publication has a
title in a foreign language, translate the title into English and follow the English translation with the title in the original language.
Make every effort to simplify the title before publication.

Block S. Type of Report and Period Covered. Indicate here whether report is interim, final, etc., and, if applicable, inclusive
dates of period covered, such as the life of a contract covered in a final contractor report.

Block 6. Performing Organization Report Number. Only numbers other than the official report number shown in Block 1, such
as series numbers for in-house reports or a contractor/grantee number assigned by him, will be placed in this space. If no such numbers
are used, leave this space blank.

Block 7. Author(s). Include corresponding information from the report cover. Give the name(s) of the author(s) in conventional
order (for example, John R. Doe or, if author prefers, J. Robert Doe). In addition, list the affiliation of an author if it differs from that
of the performing organization.

Block 8. Contract or Grant Number(s). For a contractor or grantee report, enter the complete contract or grant number(s) under
which the -- -ol reported was accomplished. Leave blank in in-house reports.

Block 9. Performing Organization Name and Address. For in-house reports enter the name and address, including office symbol,
of t erforming activity. For contractor or grantee reports enter the name and address of the contractor or grantee who prepared the
repo. ,ad identify the appropriate corporate division, school, laboratory, etc., of the author. List city, state, and ZIP Code.

Block 10 Program Element, Project, Task Area, and Work Unit Numbers. Enter here the number code from the applicable
Department of Defense form, such as the DD Form 1498, "Research and Technology Work Unit Summary" or the DD Form 1634.
"Research and Development Planning Summary," which identifies the program element, project, task area, and work unit or equivalent
under which the work was authorized.

Block 11. Controlling Office Name and Address. Enter the full, official name and address, including office symbol, of the
controlling office. (Equates to funding/aponsoring agency. For definition see DoD Directive 5200.20, "Distribution Statements on
Technical Documents. ")

Block 12. Report Date. Enter here the day, month, and year or month and year as shown on the cover.

Block 13. Number of Pages. Enter the total number of pages.

Block 14. Monitoring Agency Name and Address (if different from Controlling Office). For use when the controlling or funding
office does not directly administer a project, contract, or grant, but delegates the administrative responsibility to another organization.

Block% IS & ISa. Security Classification of the Report: Declassification/Downgrading Schedule of the Report. Enter in 15
the highest classification of the report. If appropriate, enter in 15a the declassification/downgrading schedule of the report, using the
abbreviations for declassification/downgrading schedules listed in paragraph 4-207 of DoD 5200. 1-R.

Block 16 Distribution Statement of the Report. Insert here the applicable distribution statement of the report from DoD
Directive 5200.20, "Distribution Statements on Technical Documents."

Block 17. Distribution Statement (of the abstract entered in Block 20, if different from the distribution statement of the report).
Insert here the applicable distribution statement of the abstract from DoD Directive 5200.20, "Distribution Statements on Technical Doc-
uments. "1

Block 18. Supplementary Notes. Enter information not included elsewhere but useful, such as: Prepared in cooperation with
. .. Translation of (or by) .. .Presented at conference of . . . To be published in .

Block 19. Key Words. Select terms or short phrases that identify the principal sublects covered in the report, and are
sufficiently specific and precise to be used as index entries for cataloging, conforming to standard terminology. The DoD "Thesaurus
of Engineering and Scientific Terms" (TEST), AD-672 000, can be helpful.

Block 20: Abstract. The abstract should be a brief (:iot to exceed 200 words) factual summary of the most significant informa-

tion contained in the report. If possible, the abstract of a classified report should be unclassified and the abstract to an unclassified
re should consist of publicly- releasable information. If the report contains a significant bibliography or literature survey, mention

q it e. For information on preparing abstracts see "Abstracting Scientific and Technical Reports of Defense-Sponsored RDT&E,"
AD-667 000.

5 .. ,P.(. - 141 '1 99



THOMAS HILL RESERVOIR DAM
RANDOLPH COUNTY, MISSOURI

MISSOURI INVENTORY NO. MO 10134

PHASE 1 INSPECTION REPORT

NATIONAL DAM SAFETY PROGRAM

PREPARED BY
HOSKI NS -WESTERN-SONDEREGGER, I NC.

CONSULTING ENGINEERS
LINCOLN, NEBRASKA

UNDER DIRECTION OF

ST. LOUIS DISTRICT, CORPS OF ENGINEERS

FOR_________

lv-ession ForGOVERNOR OF MISSOURI [ "T14 G

U'IC TAB
Unanounced
JL~stiication -

MAY, 1980 rbtin

3C



DEPARTMENT OF THE ARMY
ST. LOUIS DISTRICT, CORPS IF ENGINEERS

210 TUCKER 9OULEVAR0. NORTH.
ST, LOUIS. MISSOURI 53101

MAY ft

SUBJECT: THOMAS HILL RESERVOIR DAM MO 10134

This report presents the results of field inspection and evaluation

of the Thomas Hill Reservoir Dam. It was prepared under the National

Program of Inspection of Non-Federal Dams.

SUBMITTED BY: SJGNFD 17 SEP 1980
Chief, Engi neering Division Date

APPROVED BY: A 19 SE 1980
Colonel, CE, District Engineer Date

I

3



TI-

PHASE I INSPECTION REPORT
NATIONAL DAM SAFETY PROGRAM

TABLE OF CONTENTS

PARAGRAPH NO. TITLE PAGE

Assessment Summary

Overview Photograph

SECTION 1 - PROJECT INFORMATION

1.1 General 1
1.2 Description of Project 1
1.3 Pertinent Data 3

SECTION 2 - ENGINEERING

2.1 Design 7
2.2 Construction 7
2.3 Operation 7
2.4 Evaluation 7

9SECTION 3 - VISUAL INSPECTION

3.1 Findings 9
3.2 Evaluation 11

SECTION 4 - OPERATIONAL PROCEDURES

4.1 Procedures 13
4.2 Maintenance of Dam 13
4.3 Maintenance of Operating Facilities 13
4.4 Description of Any Warning System in Effect 13
4.5 Evaluation 13

SECTION 5 - HYDRAULIC/HYDROLOGIC

5.1 Evaluation of Features 14

SECTION 6 - STRUCTURAL STABILITY

6.1 Evaluation of Structural Stability 16

SECTION 7 - ASSESSMENT/REMEDIAL MEASURES

7.1 Dam Assessment 17
7.2 Remedial Measures 17



9 APPENDIX A - MAPS

Plate A-i Vicinity Topography
Plate A-2 Location Map
Plate A-3 Drainage Area Map

APPENDIX B - PHOTOGRAPHS

Plate B-1 Photo Index
Plate B-2 Photo No. 2 and Photo No. 3
Plate B-3 Photo No. 4 and Photo No. 5
Plate B-4 Photo No. 6 and Photo No. 7
Plate B-5 Photo No. 8 and Photo No. 9
Plate B-6 Photo No. 10 and Photo No. 11
Plate B-7 Photo No. 12 and Photo No. 13
Plate B-8 Photo No. 14 and Photo No. 15
Plate B-9 Photo No. 16 and Photo No. 17
Plate B-10 Photo No. 18 and Photo No. 19
Plate B-li Photo No. 20 and Photo No. 21
Plate B-12 Photo No. 22 and Photo No. 23
Plate B-13 Photo No. 24 and Photo No. 25
Plate B-14 Photo No. 26 and Photo No. 27
Plate B-15 Photo No. 28 and Photo No. 29
Plate B-16 Photo No. 30 and Photo No. 31
Plate B-17 Photo No. 32 and Photo No. 33
Plate B-18 Photo No. 34 and Photo No. 35
Plate B-19 Photo No. 36 and Photo No. 37
Plate B-20 Photo No. 38 and Photo No. 39

Plate B-21 Photo No. 40

APPENDIX C - PROJECT PLATES

Plates C-l through
C-19 Burns & McDonnell As Constructed Plans

Plate C-i Dam Layout Plan
Plate C-2 Borrow Areas
Plate C-3 Borrow Area C
Plate C-4 Centerline Profile of Dam
Plate C-5 through

C-8 Detailed Cross Sections of Dam
Plate C-9 Miscellaneous Details
Plate ClO Observation Device Details
Plate C-li Spillway - Plan and Profile
Plate C-12 Spillway Control Section
Plate C-13 Detailed Cross-Sections - Spillway
Plates C14 and

C-15 Detailed Cross Sections - Upstream Outlet and Inlet Channel
Plate C-16 Outlet Structure Profile



APPENDIX C - PROJECT PLATES
(cont.)

Plate C-17 Drop Inlet Details
Plate C-18 and C-19 Stilling Basin Details
Plate C-20 Spillway Modification - Burns and McDonnell - 1978
Plate C-21 Plate C-l Modified to show Deficiencies observed during

Phase I Inspection
Plate C-22 Phase I Inspection - Maximum Section of Dam and Center-

line Profile.
Plate C-23 Phase I Inspection - Centerline Profile of Emergency

Spillway and Section of Spillway at the Control
Secti on

APPENDIX D - HYDRAULIC AND HYDROLOGIC DATA

Plates D-1 thru D-3 Hydrologic Computations
Plate 0-4 Principal Spillway Discharge Rating Curve
Plate 0-5 Emergency Spillway Discharge Rating Curve
Plates D-6 through

D-24 Computer Input and Output for Ratios of PMF
Plates D-25 through

D-40 Hydrology Report by Burns and McDonnell dated 1964

9APPENDIX E - DAM SAFETY REPORT

Geotechnical Safety Evaluation of Thomas Hill Dam by Burns and McDonnell dated
1978.

)I



PHASE I REPORT
NATIONAL DAM SAFETY PROGRAM

ASSESSMENT SUMMARY

Name of Dam Thomas Hill Reservoir Dam
State Located Missouri
County Located Randolph County
Stream Middle Fork of Chariton River
Dateof Inspection May 7, 1980

Thomas Hill Reservoir Dam was inspected by an interdisciplinary team
of engineers.from Heskinm een-Su,,d zga,, Irri'. The purpose of the in-
spection was to make an assessment of the general conditions of the dam
with respect to safety, based upon available data and visual inspection,
in order to determine if the dam poses hazards to human life or property.

The guidelines used in the assessment were furnished by the Departm)nt
of the Army, Office of the Chief of Engineers and developed with the help
of several Federal and State agencies, professional engineering organiza-
tions, and private engineers.

Thomas Hill Reservoir Dam has a height of seventy-two (72) feet and
a storage capacity at the minimum top elevation of the dam of two hundred
sixty thousand four hundred and fifty-eight (260,458) acre-feet. In ac-$cordance with the guidelines, a large size dam has a height greater than
or equal to one hundred (100) feet and a storage capacity greater than or
equal to fifty thousand (50,000) acre-feet. The size classification is
determined by either the storage capacity or the height whichever gives the
larger size category. Thomas Hill Reservoir Dam is classified as a large
size dam.

In accordance with the guidelines and based on visual observation,
the dam is classified as having a significant potential for damage and
loss of life. Failure would threaten life and property. The estimated
damage zone extends approximately sixteen (16) miles downstream from the
dam. Within the damage zone are two power transmission lines and a strip
mine area, in the first three miles, a State Highway 3 crossing at 3
miles, a crossing of J.S. Highway 24 at 12 miles and several dwellings
with outbuildings between 12 and 16 miles downstream.

Our inspection and evaluation indicates that the spillways meet the
criteria set forth in the recommended guidelines for a large dam having
a significant hazard potential. The Probable Maximum Flood is the
appropriate spillway design flood. The spillways will pass the one per-
cent probability flood (flood having a one percent chance of being ex-
ceeded in any year) and also the Probable Maximum Flood without overtopping
the dam. The Probable Maximum Flood (PMF) is defined as the flood that
may be expected from the most severe combination of critical meteorologic
and hydrologic conditions that are reasonably possible in the region.
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The construction plans and a Geotechnical Safety Evaluation report
dated 1978 were available for this dam. Based on review of the plans,
the report and on observations nade during the field inspection, the fol-
lowing recommendations are made;

a. Measures should be taken to monitor the amount and clarity of
seepage discharging from both abutment troughs. These discharge
records should be included in the project files.

b. Piezometers should be read at least once a year. Data should
become a part of the project files.

c. Additional seepage analyses should be performed by an engineer
experienced in earth dam design using data collected from present
and/or additional piezometers.

The following recommendations are made in regard to the maintenance
of the dam:

a. Trees should be removed from the downstream section of the dam and
from the emergency spillway exit channel. Tree removal should
be done under the guidance of an engineer experienced in the
design and construction of dams. Measures should be taken to
prevent their recurrence.

b. Erosional gullies in the downstream section should be refilled,
compacted and revegetated.

c. Periodic mowing of vegetation on the downstream slope would
facilitate early detection and correction of erosional pro-
blems.

d. Installation of a stabilized gutter or drain with controlled and
stable outlets along the downstream crest line of the dam would
eliminate much of the present erosion on the downslope and mini-
mize the maintenance needed to keep this problem under control.

e. Installation and maintenance of a good drain ditch along the toe
of the downstream berm is suggested. Monitoring the discharge
from this drain would assist in future evaluation studies con--
cerning safety of this structure.
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f. A program to provide for periodic inspection of the dam, similar
to but not as detailed as the 1978 Geotechnical Safety Evaluation,
should be initiated.

--ey S. Degcker

E-3703

Gordon Jamison

Garol Ulmer
E-19246

Harold P. Hoskins, Chairman of the Board
Hoskins-Western-Sonderegger, Inc.
E-8696
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PHASE I INSPECTION REPORT
NATIONAL DAM SAFETY PROGRAM

THOMAS HILL RESERVOIR DAM - MO 10134
RANDOLPH COUNTY, MISSOURI

SECTION 1 - PROJECT INFORMATION

1.1 GENERAL

a. Authority. The National Dam Inspection Act, Public Law 92-367,
authoi~zed the Secretary of the Army through the Corps of
Engineers, to initiate a program of safety inspection of dams
throughout the United States. Pursuant to the above, the St.
Louis District, Corps of Engineers, District Engineer directed
that a safety inspection of Thomas Hill Reservoir Dam be made.

b. Purpose of Inspection. The purpose of the inspection was to make
an assessment of the general condition of the dam with respect to
safety, based upon available data and visual inspection, in order
to determine if the dam poses hazards to human life or property.

c. Evaluation Criteria. Criteria used to evaluate the dam were
furnished by the Department of the Army, Office of the Chief of
Engineers, in "Recommended Guidelines for Safety Inspection of
Dams, "Appendix D to "Report of the Chief of Engineers on the
National Program of Inspection of Dams," dated May, 1975, and
published by the Department of the Army, Office of the Chief of
Engineers.

1.2 DESCRIPTION OF PROJECT

a. Description of Dam and Appurtenances.

(1) The dam is a moderately large earth fill located on the
Middle Fork of the Chariton River in the northwestern sec-
tion of Randolph County. The dam creates a large reservoir
to serve the Associated Electric Cooperative generating
plant located near the dam. The dam is about 2450 feet in
length with maximum height of 72 feet above the old stream
bed and 57 feet above the prepared base. 7ne maximum water
storage at the minimum top elevation of the dam is 260,458
acre-feet.

(2) The principal spillway is uncontrolled and consists of a
9' x 18' reinforced concrete drop inlet riser connected to
a 9' diameter concrete lined tunnel. The tunnel is located
in the left abutment and terminates at a hydraulic jump
(St. Anthony Falls type) stilling basin. A 3' diameter
drawdown port controlled with a rising stem valve is located
in the riser approximately midway down from the crest of
the riser. An 8-inch diameter cast iron pipe is also
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located approximately midway down from the crest of theriser to maintain a minimum flow below the dam of 5 c.f.s.

(3) An uncontrolled emergency spillway is excavated through bed-
rock on the right abutment. The spillway has a bottom width
of 50 feet. A reinforced concrete ogee weir control section
is located on the centerline of the dam.

(4) Pertinent physical data are given in paragraph 1.3 below.

b. Location. The dam is located in the northwestern section of
Randolph County, northwest of Moberly, Missouri. It is located
in the SE4 of Section 24, T25N, R16W.

c. Size Classification. Criteria for determining the size classifi-
cation of dams and impoundments are presented in the guidelines
referenced in paragraph l.lc above. Thomas Hill Reservoir Dam
has a height of 72 feet and a storage capacity at the minimum
top elevation of the dam of 260,458 acre-feet. This dam is
classified as a large size dam. A large size dam has a height
greater than or equal to 100 feet and a storage capacity greater
than or equal to 50,000 acre-feet. The size classification is
determined by either the storage capacity or height, whichever
gives the larger size category.

d. Hazard Classification. Guidelines for determining hazard classi-
f'ication are presented in the same guidelines as referenced in
paragraph l.lc above. Based on referenced guidelines, this dam is
in the Significant Hazard Classification. The estimated damage
zone extends approximately 16 miles downstream from the dam. With-
in the damage zone are two power transmission lines and a strip
mine area, in the first three miles, a State Highway 3 crossing
at 3 miles a crossing of U.S. Highway 24 at 12 miles and several
dwellings with outbuildings between 12 and 16 miles downstream.

e. Ownership. The dam and reservoir is owned by the Associated Elec-
tric Cooperative, Inc., 2814 So. Golden Street, P.O. Box 754,
Springfield, Missouri 65801.

f. Purpose of Dam. The dam impounds a 56000+ acre foot reservoir to
supply cooling water for a coal fired power generating plant.

g. Design and Construction History. The dam was designed by Burns
and McDonnell, Kansas City, Missouri and constructed in 1966 by
Eby Construction Co., Omaha, Nebraska. Portions of the construc-
tion plans for the dam are included as Appendix C. A copy of the
Geotechnical Safety Evaluation Study of the dam made in 1978 by
Burns and McDonnell is included as Appendix E of this report.
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h. Normal Operating Procedure. The reservoir level is dependent
upon natural precipitation and the capacity of the uncontrolled
spillways. The principal spillway is designed to accomodate
removable stop logs above the weir crest to provide an operating
reservoir elevation of 710.0. At the time of inspection the
operating level was elevation 709.5 with about 0.5 foot of flow
over the crest of the riser (apparently one stop log was removed).

1.3 PERTINENT DATA

a. Drainage Area. 94,080 acres (147 square miles).

b. Discharge at Damsite.

(1) All discharges at the damsite are through an uncontrolled
reinforced concrete drop inlet (riser) with a reinforced
concrete conduit through the dam and an uncontrolled chute
type spillway cut through bedrock in the right abutment
with a concrete ogee sill control section.

(2) Estimated maximum flood. The water level rose to approxi-
mately one foot below the emergency spillway crest from a
storm which occurred in 1973. This information was reported
by Mr. Paul Smith, plant superintendent.

(3) The principal spillway capacity varies from 8 c.f.s. at ele-
vation 709.0 feet (weir crest) to 2,087 c.f.s. at elevation
717.0 feet (emergency spillway crest) to 2,528 c.f.s. at
elevation 737.4 feet (minimum top of dam). An 8-inch cast
iron pipe is located at elevation 688.0 feet in the spill-
way to maintain a minimum flow of 5 c.f.s. below the dam
at all times.

(4) The emergency spillway capacity varies from 0 c.f.s. at its
crest elevation 717.0 feet to 13,575 c.f.s. at elevation
737.4 (minimum top of dam).

(5) Total spillway capacity at the minimum top of dam is 16,103
c.f.s. +.

c. Elevations. (Feet above M.S.L.)

(1) Top of dam - 737.0 (Plans); 737.4 (Minimum Measured by
Inspection Team)

(2) Principal spillway crest and normal pool - 709.0 (Weir Crest)

(3) Emergency spillway crest - 717.0

(4) Streambed at centerline - 680+
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(5) Observed Pool - 709.5

(6) Maximum Experienced Pool - 716+ (April, 1973)

(7) Lowest Pool - 707 (1978)

(8) Maximum tailwater - Unknown

d. Reservoir.

(1) Length (feet) of pool at top of dam - 76,000+

(2) Length (feet) of pool at principal spillway crest - 45,800+

(3) Length (feet) of pool at emergency spillway crest - 54,600+

e. Storage (Acre-feet).

(1) Top of dam - 260,458

(2) Principal spillway crest and normal pool - 56,328

(3) Emergency spillway crest - 96,385

(4) Observed pool - 58,484

(5) Maximum experienced pool - 95,222

f. Reservoir Surface (Acres).

(1) Top of dam - 11,500+

(2) Principal spillway crest and normal pool - 4,214

(3) Emergency spillway crest - 5,793

(4) Observed pool - 4,310

(5) Maximum experienced pool - 5,750

g. Dam.

(1) Type - Earth fill

(2) Length - 2450 feet +

(3) Height - 57 feet above prepared base (measured)

(4) Top width - 26 feet (roadway and riprap) measured
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(5) Side slopes.

(a) Downstream - P1.ins = IV/2.5/4/12H; Measured
lV/2.7/4.2/11 .3H

(b) Upstream - Plans = lV/2.5/4/13.5H; Measured
IV/2/2.9H

(6) Zoning - Plans show impervious fill center section with
berm (random) fill upstream and downstream.

(7) Impervious core - Center section

(8) Cutoff - Exploration trench 5 to 10 feet in depth.

(9) Grout curtain - Both abutments; Left = Station 15+50 to
25+50+; Right = Station 32+00 to 37+25+

(10) Wave protection - Durable rock riprap.

(11), Drain blanket under downstream section

(12) Three relief wells at downstream toe between Stations
26+50 to 30+50.

h. Diversion Channel and Regulating Tunnel. Uncontrolled principal
spillway tunnelled through left abutment.

i. Spillway.

(1) Principal

(a) Type - uncontrolled reinforced concrete drop inlet with
removable stop logs on crest and 9 foot diameter con-
crete lined outlet tunnel through left abutment.

(b) Crest (invert) elevation - concrete weir = 709; Stop
logs at 710.0

Outlet - Tunnel invert 667.9; stilling basin = 661

(c) Length - Tunnel - 165 feet.

(2) Emergency

(a) Type - Excavated cut in limestone and shale through
right abutment, 50 foot bottom width and 1V on lH
side slopes.

(b) Control Section - Reinforced concrete sill with ogee
wei r.

5



(c) Crest elevation - 717 feet

(d) Upstream Channel - excavated, 50 foot bottom, near
level at elevation 715+ for 300 feet +.

(e) Downstream Channel - excavated 400 feet+ long; slope =
less than 1%.

j. Regulatino Outlets. Drawdown facility, 36-inch diameter into
riser with rising stem valve.

6
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SECTION 2 - ENGINEERING DATA

2.1 DESIGN

Design data and plans for the structure were made available from
Burns and McDonnell, Consulting Engineers, Kansas City, Missouri.
This information is shown in Appendix C. Several attempts were
made to secure the Geotechnical data and report for design of the
dam without success. Some of the Geotechnical data are reported
in the report on Geotechnical Safety Evaluation of the dam by
Burns and McDonnell, 1978 which is included in this report as
Appendix E.

The design includes a prepared (compacted impervious fill) base,
for the embankment across the valley bottom up to elevation 680.
A 3-foot thick sand blanket, placed on the prepared base, extends
from the downstream toe upstream for a distance of O.8B where B
is the base width of the downstream section (E to toe). The blanket
drain extends from Station 24+00 to 35+00+. Between Stations 25+00
and 32+00+, the sand blanket outlets into the riprapped toe of the
downstream berm at elevation 680. Included in the design are 5
piezometers and 3 settlement plates located upstream, downstream and
on the crest line. Three relief wells are located along the toe
of the dam.

2.2 CONSTRUCTION

The dam was constructed in 1965-66 by Eby Construction Co., Omaha,
Nebraska. Measurements indicate that the dam was constructed es-
sentially according to the plans. Settlement plate readings made
during and after construction indicate that anticipated foundation
settlement occurred during the construction period. The Geotechnical
Safety Evaluation Report of 1978 states that construction control
records were reviewed and that construction conformed with specifi-
cations.

2.3 OPERATION

No data were available on spillway operation. It was reported by
Paul Smith, Associated Electric Cooperative Power Plant Superinten-
dent, that the emergency spillway has never operated. The highest
reservoir level was about elevation 716 in 1973. The lowest reser-
voir level was about elevation 707 in 1978.

2.4 EVALUATION

a. Availability. Plans and other data included with this report
were made available by Burns and McDonnell through Associated
Electric Cooperative Inc., Springfield, Missouri. Geologic and
Soil Mechanics data and Soil Engineering analyses were not avail-
able despite several requests.

7



b. Adequacy. The available data, field surveys, and visual observa-
tion presented herein are considered adequate to support the con-
clusions of this report. Seepage and stability analyses were not
available. They were referenced in the 1978 Geotechnical Safety
Evaluation Report by Burns and McDonnell which is considered
adequate.

c. Validity. The data and analyses are considered valid and ade-
quate.
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SECTION 3 - VISUAL INSPECTION

3.1 FINDINGS

a. General. A visual inspection of the Thomas Hill Reservoir Dam
was made on May 7, 1980. Engineers from Hoskins-Western-Son-
deregger, Inc., Lincoln, Nebraska making the inspection were:
R.S. Decker, Geotechnical; Garold Ulmer and Gordon Jamison, Hy-
drology. Messrs. Jerry Phelan and Fred Bader, St. Louis District
Corps of Engineers, spent some time on site with the inspection
team. Paul Smith, Plant Superintendent, was very cooperative in
discussing the dam and in providing access to nis files.

b. Dam.

(1) Geology and Soils (Abutment and embankment). The dam is
located in the dissected till plains overlying Pennsylvanian
limestone and shale. The abutments consist of 5 to 10 feet
of clay till overlying silty/clayey shales and clayey sand-
stones. Photos 6 and 21 show the shale outcrops in the
abutments. The valley section consists of alluvial clays.
silts and sand-gravel deposits up to 40 feet in depth.
Materials in the embankment consist of CL-CH soils borrowed
from the reservoir area and the upstream right abutment.

(?) Upstream Slope. The upstream slope is well covered with good
durable riprap consisting of limestone and quartzitic sand-
stone. Nominal size of the riprap was estimated at 24 to
30 inches. A few of the larger rocks (less than 5% of the
total) showed signs of cracking and deterioration, but the
riprap generally looked good. Measurements of the slope do
not exactly conform with the plans; however, the measured
overall slope is essentially equal to the planned compound
slope. No obvious deformations were observed on the slope.
Photos 3, 23, 30 and 31 show the upstream slope.

(3) Crest. The crest is constructed in two levels with a well
gravelled roadway 24-feet wide running along the upstream
side at elevation 737+ and a well vegetated, berm-like,
lower level crest 27 feet wide adjacent to the roadway on
the downstream side at about elevation 734.5. No obvious
deformations or cracks were observed on the crest. Measure-
ments along the crest show a maximum variation of about 1
foot in elevation with all measurements above the design
elevation of 737. Plate C-21 shows the measured profile of
the crest. Photo No. 2 shows the crest.

9



(4) Downstream Slope. The downstream slope is well vegetated
with adapted grasses. A few small trees are growing on
the slope and berm. No cracks, deformations or rodent
activity were observed on the slope or berm. The toe slope
of the berm is well covered with riprap. The downstream
slope is shown in Photos 5, 19 and 37.

Several erosion gullies, up to 2 to 3 feet deep and 3 to 4
feet wide, were observed on the slope and the berm. Photos
15, 16 and 28 show the gullies on the slope. Seepage outcrops
in the left abutment trough at about elevation 697 (down-
stream from about Station 24+50). Seepage effluent from the
left abutment was estimated at less than 5 gpm. Seepage
also outcrops in the right abutment trough at about the same
elevation (697) as the right abutment seep. Flow from this
seep was estimated at less than 0.5 gpm. All seepage was
clear. These seeps in the abutment have existed since the
reservoir filled, as shown by the following quotes from re-
cords of settlement plate and piezometer readings made in
1966 and supplied by the owner. "9-19-66-The east abutment
is saturated to elevation 696.58 A flow approximately 3
gpm is measurable 80 feet south of Station 24+60. Another
seep, at the same elevation, is evident on the west abutment
near the head of the original ditch located 250 feet south of
Station 35+50. The rate of flow is too low to be computable
at this point." According to the plans, the areas upstream
to the sides and below the elevations of the seeps are in-
cluded in the grout curtain area.

It is assumed that the seeps are flowing through bedrock or
near the till-bedrock contacts in the abutments, and that the
grout curtain is not positive. A review of the original
geologic investigation data might throw some light on the
cause and source of these abutment seeps.

The entire area downstream from the berm is wet and boggy.
This area apparently covers much of the old channel and was
filled and graded as part of the designed base preparation.
Part of this boggy condition results from the discharge of
the relief wells. The blanket drain also discharges into
this area. It was not possible to observe the blanket drain
discharge. According to the Geotechnical Safety Evaluation
Report of 1978, (Appendix E) this area was even wetter than
at present prior to October 1977, when the area was cleared,
"demucked" and partially drained.

All three relief wells were flowing at an estimated rate of
1-2 gpm, each,

Photos 7 and 8 show seep in the left abutment. Photos 17,
18, and 20 show seep in right abutment trough. Photos 11,
12, 13 show relief wells and discharges. Photos 9 and 10
show water standing along toe of the berm and total discharge
from the left end of the toe of the berm.

10



c. Appurtenant Structures.

(1) The principal spillway consists of a drop inlet (riser) con-
nected to a 9 foot diameter concrete lined tunnel bored through
the left abutment. The outlet tunnel exits into a S.A.F. like
stilling basin. The drop inlet structure is located in the
lake, and it was not possible to inspect it. Photo No. 4
shows the inlet structure. Measurements indicate that the
reservoir level was about 0.5 feet above the crest of the
riser at the time of inspection. The outlet and energy dis-
sipator appear to be in good condition. Photos 34, 35 and
36 show the outlet of the principal spillway. Measurements
indicate that the principal spillway was constructed ac-
cording to the plans.

(2) The emergency spillway consists of a 50 feet + wide channel
excavated through bedrock (limestone and shale) in the right
abutment. The control section consists of a reinforced con-
crete sill and ogee weir located across the spillway bottom
on the centerline of the dam. The ogee weir control section
was constructed in 1978 in accordance with plans shown on
Plate C-20. The spillway has never operated. The concrete
control section appeared to be excellent condition. Photos
24, 25, 26 and 27 show the spillway approach section, con-
trol weir and portions of the outlet channel. The outlet
channel has a few trees growing al6ng both sides as shown
in Photos 26 and 27. The exit channel, some 400 feet down-
stream from the control section, has a number of trees (up
to 6-inch diameter) growing in the bottom of the channel as
shown in Photos 28 and 29.

(3) Drawdown facilities consist of a 36-inch port on the upstream
side of the riser which is controlled by a rising stem valve.
Mr. Smith reported that the drawdown facility is operable
but has not been opened for several years.

d. Reservoir Area. No significant erosion was noted around the water-
line of the reservoir.

e. Downstream Channel. The channel downstream from the principal
spillway is an excavated channel. It is open and clear as shown
in Photo 36.

3.2 EVALUATION

This structure appears to have been designed and constructed in ac-
cordance with present day criteria for seepage control, slope stability,
wave protection and overall safety. It appears to be in excellent
condition, except for the few deficiencies in maintenance noted above.

11



Seepage through the abutments has occurred at about the same rate,
from the first filling of the reservoir and does not appear to be
detrimental to the stability of the structure.

The effects of seepage along the toe of the dam on stability of the
structure are not known. The relief wells are operating and apparently
dissipating any excess uplift pressures under the toe. However, it
is felt that additional seepage and uplife analyses should be made
based upon data collected from the new piezometers installed during
the Burns and McDonnell Geotechnical Safety Evaluation Study in 1978.

Settlement plate records show no significant change since the end of
construction.

12



SECTION 4 - OPERATIONAL PROCEDURES

4.1 PROCEDURES

There are no controlled outlet works for this dam. The pool level
is controlled by rainfall, infiltration, evaporation, and the capacity
of the uncontrolled spillways. There is a 36-inch diameter drawn-
down facility controlled with a rising stem valve that is operable,
but it has not been opened for several years.

4.2 MAINTENANCE OF DAM

Maintenance of the structure is generally good. A few trees on the
downstream slope and in the emergency spillway exit channel should be
removed, and the erosional gullies on the downstream slope should be
repaired.

4.3 MAINTENANCE OF OPERATING FACILITIES

No operating facilities, except the drawdown facility, exist at
this dam.

4.4 DESCRIPTION OF ANY WARNING SYSTEM IN EFFECT

The plant superintendent was not aware of a warning system in effect
for this dam.

4.5 EVALUATION

The deficiencies observed during the inspection can be corrected
with an improvement in the maintenance program.

13



SECTION 5 - HYDRAULIC/HYDROLOGIC

5.1 EVALUATION OF FEATURES

a. Design Data. Plans for the dam and a "Hydrology Report", as
prepared by Burns and McDonnell, Kansas City, Missouri, were
obtained from the Associated Electric Cooperative. The plans
for the daT. are shown in Appendix C. The "Hydrology Report"
is shown in Appendix D.

b. Experience Data. The drainage area, reservoir surface area, and
elevation-storage data were developed from the data prepared by
Burns and McDonnell and presented in the plans and "Hydrology
Report" and were verified using the following USGS 7.5 minute
quadrangle maps: Elmer, Barnesville, New Cambria East, Bevier
North, Lagonda, Bevier South, Prairie Hill and College Mound
(See Plate A-3). The hydraulic computations for the spillways
and dam overtopping discharge ratings were based on the plans
and data collected in the field at the time of the field inspec-
tion. A discussion of the hydraulic computations is included
in Appendix 0.

c. Visual Observations.

(1) The principal or service spillway appeared to be in good
condition. The reservoir was discharging at approximately
0.5 feet over the weir crest at the time of inspection.
One stop log had apparently been removed from the weir crest
at the time of inspection.

(2) The stilling basin and exit channel appeared to be in good
condition. The exit channel was straight and uniform and
was clear of debris and weeds. (See Photos 34, 35 and 36)

(3) The emergency spillway is located in the right abutment and
is cut into bedrock. It appeared to be in good condition with
the side slopes being riprapped above the limestone out-
croppings. There were, however, a few trees located in the
exit channel. Spillway releases will not endanger the inte-
grity of the dam. (See Photos 28 and 29).

(4) The spillway control section (ogee crest) appeared to be in
excellent condition. (See Photos 25 and 26.)

d. Overtopping Potential. The spillways will pass the probable
maximum flood without overtopping the dam. The results of the
routings through the dam are tabulated in regards to the following
conditions:

14
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Inflow Outflow Maximum *Maximum Duration
Discharge Discharge Pool Depth Overtop

Frequency c.f.s. c.f.s. Elevation Over Dam Hr.

1/2 PMF 40,400 4,700 724.2 0 0
PMF 80,800 12,200 733.8 0 0

*Minimum Top of Dam Elevation = 737.4

According to the recommended guidelines from the Department of
the Army, Office of the Chief of Engineers, this dam is classi-
fied as having a significant hazard rating and a large size.
Therefore, the PMF is the test for the adequancy of the dam and
its spillway.

The estimated damage zone is described in Paragraph 1.2d in
this report.

15
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SECTION 6 - STRUCTURAL STABILTY

6.1 EVALUATION OF STRUCTURAL STABILITY

a. Visual Observation. This dam appears to be structurally stable.
Testng and analyses presented in the Geotechnical Safety Evalu-
ation Report (Appendix E) indicate that it is stable against
shear failures. The effects of seepage along the toe of the dam
on structural stability are not known. Seepage through the abut-
ments does not appear to be detrimental to the structural stability.

b. Design and Construction Data. Hydrologic design data were avail-
able. No other design or construction data were available, ex-
cept for the construction plans and the Geotechnical Safety Evalua-
tion Report made by Burns and McDonnell in 1978. According to the
Geotechnical Safety Evaluation Report, the present dam fulfills
the criteria used for design, and the construction records that
were reviewed indicated that construction specifications were ful-
filled.

c. Operating Records. There are no controlled operating facilities
for this dam except for the drawdown facility which has not been
operated for several years.

d. Post Construction Changes. Original plans show a concrete sill
control section at elevation 715 in the emergency spillway. The
present ogee weir section, with crest at elevation 717, was con-
structed in 1978. Plans for this modification are shown on
Plate C-20.

e. Seismic Stability. This dam is located in Seismic Zone I. An
earthquake of the magnitude predicted in this area is not ex-
pected to cause structural failure of this dam.

16
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SCTJON 7 - ASSESSMENT/REMEDIAL MEASURES

7.1 DAM ASSESSMENT

a. Safet y. This dam appears to be in excellent condition and does
not appear to have any serious potential of failure. Analyses
presented in Section 5, indic3te that the spillways will pass
the PMF without overtopping the dam. Seepage through the abut-
ments is apparently about the same as when the dam was first
constructed. Additional studies should be made to determine the
effects of seepage along the downstream t-9. A few deficiencies
in maintenance; (gullies on downstream slope and berm, tree
growth on the downstream slope and in the emergency spillway
exit, ponded water and poor drainage along the downstream toe)
should be corrected.

b. Adequacy of Information. Information available on design and
construction and data collected during the inspection are con-
sidered adequate to justify the conclusions presented in this
report. Seepage and stability analyses referenced in the Geo-
technical Safety Evaluation Report (Appendix E) are considered
adequate.

c. Urgency. There does not appear to be an immediate urgency to
accomplish the remedial measures recommended in paragraph 7.2.

d. Necessity for Further Studies. Further studies as stated in
paragraph 7.2b related to monitoring seepage are recommended.

e. Seismic Stability. This dam is located in Seismic Zone 1. An
earthquake of this magnitude is not expected to be hazardous to
this dam.

7.2 REMEDIAL MEASURES

a. Alternatives.
(1) Since the project accommodates the Probable Maximum Flood

no alternatives are required.

b. Operation and Maintenance Procedures.

(1) It is reconmmended that measures be taken to monitor the amount
and clarity of seepage discharging from both abutment troughs
and that these discharge records be included in the project
files.

(2) It is also recommended that the piezometers be read at least once
a year and that these data become a part of the project files.

(3) Additional seepage analyses should be performed, by an engineer
experienced in earth dam design, using data collected from pre-
sent and/or additional piezometers.
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(4) Trees should be removed from the downstream section of the
dam and from the emergency spillway exit channel. Tree re-
moval should be done under the guidance of an engineer ex-
perienced in the design and construction of dams. Measures
should be taken to prevent their recurrence.

(5) Erosional gullies in the downstream section should be re-
filled, compacted and revegetated.

(6) Periodic mowing of vegetation on the downstream slope would
facilitate early detection and correction of erosional pro-
blems.

(7) Installation of a stabilized gutter or drain with controlled
and stable outlets along the downstream crest line of the
dam would eliminate much of the present erosion on the down-
slope and minimize the maintenance needed to keep this pro-
blem under control.

(8) Installation and maintenance of a good drain ditch along the
toe of the downstream berm is suggested. Monitoring the
discharge from this drain would assist in future evaluation
studies concerning safety of this structure.

(9) A program to provide for periodic inspection of the dam,
similar to but not as detailed as the 1978 Geotechnical
Safety Evaluation, should be initiated.
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THOMAS H-ILL RESLERVOIR DAM PHOTO INDEX
R~ANDOLPH COUNTY M15SOURI

MO 10134 PLATE B-i



PHOTO NO. 2 -CREST FROM LEFT END

PHOTO NO. 3 -UPSTREAM SLOPE FROM LEFT SIDE

PLATE B-2



PHOTO NO. 4 - PRINCIPAL SPILLWAY INLET

PHOTO NO. 5 - DOWNSTREAM SLOPE FROM LEFT END

PLATE B-3



PHOTO NO. 6 - SHALY OUTCROPS IN LEFT ABUTMENT

I

PHOTO NO. 7- LARGE SEEPAGE AREA IN LEFT ABUTMENT TROUGH

- __ PLATE B-4



PHOTO NO. 8 - SEEPAGE DIS-
CHARGE AT OUTLET END OF
LEFT ABUTMENT

PHOTO NO. 9 - WATER STANDING ALONG THE TOE OF DAM

PLATE B-5
_____N_____



PHOTO NO. 10 - DITCH DRAIN-
ING SEEPAGE AWAY FROM TOE

PHOTO NO. 11 -DISCHARGE

FROM LEFT RELIEF WELL

PLATE B-6



PHOTO NO. 12 - LEFT RELIEF WELL IN FOREGROUND

~f PHOTO NO. 13 -DISCHARGE FROM
MIDDLE RELIEF WELL

PLATE B-7



PHOTO NO. 14 - ALIGN-
MENT OF THREE PIEZO-

.METERS LOOKING UPSTREAM
FROM RIGHT RELIEF WELL

PHOTO NO. 15 - GULLY IN

DOWNSTREAM SLOPE AND
BERM

PLATE B-8



PHOTO NO. 16 - GULLY DOWN DOWNSTREAM SLOPE AT STA. 31+00-

PHOTO NO. 17 - SEEP IN RIGHT ABUTMENT TROUGH

PLATE B-9
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PHOTO NO. 18 - DISCHARGE
FROM SEEP AREA TO RIGHT

OF RIGHT ABUTMENT TROUGH

PHOTO NO. 19 - DOWNSTREAM SLOPE FROM RIGHT SHOWING ROCK

COVERING TOE OF BERM

PLATE B-10



PHOTO NO. 20 - SEEPAGE DOWSNTREAM FROM RIGHT ABUTMENT TROUGH

PHOTO NO. 21 -WEATHERED SILTY SHALE IN RIGHT ABUTMENT

PLATE B-11
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PHOTO NO. 22 - DOWNSTREAM SLOPE FROM RIGHT END

PHOTO NO. 23 - UPSTREAM SLOPE FROM RIGHT END

PLATE B-12
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PHOTO NO. 24 - VIEW UPSTREAM SHOWING EMERGENCY SPILLWAY ENTRANCE

PHOTO NO. 25 - VIEW UPSTREAM IN EMERGENCY SPILLWAY SHOWING CONTROL WEIR

PLATE B-13
A



PHOTO NO. 26 - VIEW DOWNSTREAM IN EMERGENCY SPILLWAY

PHOTO NO. 27 - GREY AND TAN SILTY SILTSTONE AND LIMESTONE EXPOSED
IN RIGHT SIDE OF SPILLWAY EXIT CHANNEL

PLATE B-14



PHOTO NO. 28 - EXIT CHANNEL FROM SPILLWAY

PHOTO NO. 29 - VIEW UPSTREAM INTO SPILLWAY. PHOTO TAKEN APPROX. 50 FEET
FROM EXIT CHANNEL

PLATE B-15



PHOTO NO. 30 UPSTREAM FACE TAKEN ABOUT CENTERLINE LOOKING
TO RIGHT

PHOTO NO. 31 - SETTLE-
MENT GAUGE NO. I A7
STATION 27+50t

PLATE B-16



PHOTO NO. 32 - VIEW OF RESERVOIR FROM STATION 25+50±

PHOTO NO. 33 - VIEW DOWNSTREAM FROM STATION 25+50-

PLATE B-17
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PHOTO NO. 34 - VIEW OF PRINCIPAL SPILLWAY OUTLET

PHOTO NO. 35 -OUTLET OF PRINCIPAL SPILLWAY FROM DOWNSTREAM

PLATE B-18

i-V



PHOTO NO. 36 - VIEW DOWNSTREAM
- SHOWING OUTLET CHANNEL OF

PRINCIPAL SPILLWAY

PHOTO NO. 37 - DOWNSTREAM SLOPE FROM LEFT SHOWING SEEP AREA IN LEFT
ABUTMENT TROUGH

PLATE 8-19



PHOTO NO. 38 - LOOKING
DOWNSTREAM AT GULLY IN
DOWNSTREAM FACE AT
STATION 27+70±

71i

PHOTO NO. 39 - SEEP AREAS IN RIGHT ABUTMENT TROUGH. PHOTO
TAKEN FROM STATION 37+50

PLATE B-20



PHOTO NO. 40 - OVERVIEW TAKEN FROM LEFT ABUTMENT ROADWAY INTO

POWER PLANT

PLATE B-21
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APPENDIX 0
HYDRAULIC AND HYDROLOGIC DATA
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HYDROLOGIC COMPUTATIONS

1. The SCS dimensionless unit hydrograph and the systemized computer
program HEC-l (Dam Safety Version), July 1978, prepared by the
Hydrologic Engineering Center, U.S. Corps of Engineers, Davis,
California, were used to devalop the inflow hydrographs (See this
Section).

a. Forty-eight hour, 1 percent probability rainfall for the dam
location was taken from the data for the rainfall station at
Moberly, Missouri as supplied by the St. Louis District, Corps
of Engineers during a Hydraulic/Hydrologic Training Conference
on 30 April, 1980. The forty-eight hour probable maximum precipi-
tation was taken from the curves of Hydrometeorological Report
No. 33 and current Corps of Engineers and St. Louis policy and
guidance for hydraulics and hydrology.

b. Drainage area = 147 square miles (94,080 acres).

c. Time of concentration of runoff = 35 hours. The time of concen-
tration was computed assuming the relationship lag = 0.6 x (Time
of Concentration) with lag = 21 hours (from "Hydrologic Report"
by Burns and McDonnell). The time of concentration was verified
by breaking the watercourse length into 9 segments and computing
time of concentration by the "Kirpich" method. This resulted in a
time of concentration of 32 hours.

d. The antecedent storm conditions for the probable maximum preci-
pitation were heavy rainfall and low temperatures which occurred
on the previous 5 days (SCS AMC III). The antecedent storm con-
ditions for the 1 percent probability precipitation were an average
of the conditions which have preceded the occurrence of the maxi-
mum annual flood on numerous watersheds (SCS AMC II). The initial
pool elevation was assumed at the crest of the riser. No antece-
dent storm was required due to the utilization of the forty-eight
hour storm.

e. The total forty-eight hour storm duration losses for the I percent
probability storm were 2.14 inches. The total losses for the PMF
storm were 1.02 inches. These data are based on SCS runoff curve
No. 82 and No. 92 for antecedent moisture conditions SCS AMC II
and AMC III respectively. The watershed is composed of primarily
SCS hydrologic soil groups B, C and D. Wabash silty clay (D)
and Blackoar silt loam (C) soil groups are located on the flood-
plain and lower slopes and consist of approximately 19 percent
of the watershed. Land use is primarily cultivated crops (straight
row). Lindley loam (C) and Goss cherty silt loam (B) are located
on the hillsides and consist of approximately 40% of the watershed
with land use in pasture (approximately 90 percent) and timber
(approximately 10 percent). The uplands and ridges consist of
Armstrong loam (D) and Leonard silt loam (D) with land use being
primarily small grain (straight row).

PLATE D-l



f. Average soil loss rates = 0.02 inches per hour approximately.
(for PMF storm, AMC III).

2. The combined discharge rating consisted of three components: the
flow through the principal or service spillway, the flow through the
emergency spillway and the flow going over the top of the dam.

a. The principal spillway was developed by using the weir, orifice,
and full conduit flow equations:

(1) Weir flow equation (Qw = CLH I 5)

where C = weir coefficient = 3.1 (SCS Engr. Memo 50)
L = length of weir, ft. = 36
H = total head, ft. (Pool elevation - 709.0)

(2) Orifice equation for 8-inch diameter pipe sleeve (Qo = CA2-g)
where C = orifice equation = 0.6

A = area of opening, ft.2 = 0.35
H = total head, ft. (Pool elevation - 688.0)

(3) Full conduit flow equation (Q = a Kb+KpL)

where a = area of conduit, ft.2 = 63.62
L = length of conduit, ft. = 515 5100n2=0.002231

Kp = coefficient for conduit friction loss -=

where n=O.015 and D is the diameter in inches (From
V.T. Chow's Handbook of Applied Hydrology, page 21-64)

Ke= coefficient for entrance loss = 0.50
(from V.T. Chow's Handbook of Applied Hydrology,
page 21-64)

Kb = coefficient for bend loss = 0.45
(from V.T. Chow's Handbook of Applied Hydrology,
page 21-64)

h = total head, ft. (Pool elevation - 673.3)

(4) In determining the principal rating curve, the 36-inch dia-
meter sluice gate was assumed to be closed due to the fact
that an operator may not be on hand at the time of storm.

(5) Weir flow over the riser and orifice flow thru the 8-inch
diameter pipe sleeve control until pool elevation rises above
715+ at which time the conduit controls the discharge.

b. The emergency spillway ratings were developed using the method
outlined in example 1, procedure 1, page 379 of Design of Small
Dams by the Bureau of Reclamation for uncontrolled overflow ogee
crests.

(1) The method uses the basic weir flow equation: Q - CLH I 5

where C - weir coefficient derived from a design head (Ho)
of 17 feet and adjusted for the depth of approach,
relation of actual crest shape to ideal mappe shape,
upstream face slope, downstrea apron interference,
and downstream submergence.
(C varied from 2.90 to 3.15)

PLATE D-2



L = weir length, ft. = 50
H = total head, ft.

(2) The approach channel losses were included in the computations
assuming friction loss through the channel (Mannings "n" =
0.035) and assuming an entrance loss = 0.1 (approach velocity
head).

c. The flows over the dam were developed using the dam overtopping
analysis (Flow over non-level dam crest) within the HEC-I (Dam
Safety Version) program.

3. Floods were routed through the reservoir using the HEC-I (Dam Safety
Version) program to determine the capabilities of the spillway and
dam embankment crest. The input, output, and plotted hydrographs are
attached in this section.
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SUMMARY OF

HYDROLOGY STUDIES

FOR

THOMAS HILL RESERVOIR

1. Scope of Report:
a. Studies rpade by Burns & McDonnell Engineering Company

for Associated Electric Cooperative, Springfield. Missiuri.
b. Dam to be earth fill dam for storage of cooling water for

150,000 kw steam generating plant with ultimate capacity
of 500,000 kw.

C. Dam to be located on the Middle Fork of the Chariton River
in Section 24, T55N, Rl5W, in Randolph County, Missouri
approximately two miles north of Thomas Hill, Missouri.

Z. Desian Criteria:
a. Maximum probable storm - Z3 inches of runoff in a Z4

* hour period.
(1) Developed from depth-area-duration data from

Hydrometeorological Report No. 33, "Seasonal
*Variation of the Probably Maximum Precipitation

East of the 105th Meridian for Areas from 10 to
1, 000 Square Miles and Durations of 6, 12, 24 and
48 hours."

b. Project Storm - 1. Z3 inches of runoff in 24 hours.
(I) Taken from "Review of Report on Chariton and Little

Chariton Rivers and Tributaries" prepared by U. S.
Army Engineer District, Kansas City, Corps of
Engineers, dated March, 1963 as developed by the
method described in Civil Engineering Bulletin No. 52-8.

3. Drainage Area Studies:
a. Drainage-Area - 147 square miles

(1) Determined from planimetering U.S. G. S. maps
covering the tributary basin.

b. First studies were based on gaged flows on Chariton River
at Keytesville and Prairie Hill, Missouri from 1929 through
1960. These were abandoned as not valid due to 10:1 ratio
of tributary areas and other dissimilarities in drainage
basin characteristics.

C. Final studies were based on gaged flows on Medicine Creek
at Galt, Missouri for period 1922 through 1960. Tributary
basin was similar in shape and its size of 225 square miles
was reasonably close to Middle Fork basin.
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4. Storm FrequencX:
a. Frequency Curve - Developed from U. S. Weather Bureau's

Technical Paper No. 40, "Rainfall Frequency Atlas of the
United States. '
(1) Used 80% runoff for 6 hour period.

b. Runoffs:
Frequency (years) Runoff (inches/6-hours)

25 3.6
100 4.4

c. Hydrog;phs - Routed through reservoir to determine fre-
quency .% discharge through chute spillway.

5. Inflow Hydrograph:
a.. Synthetic Unit Hydrograph - Developed using "Mitchell Method"

as detailcd in "Unit Hydrographs in Illinois" by William D.
Mitchell.
(1).' Basic factor determined is the time lag (t) which is

time in hours required for center of rainfall mass to
*reach center of runoff mass.

(2) Using t as determined by equation t = 1. 05A05 6 A
being drainage area in square miles, synthetic unit

* hydrograph shown on Plate I was developed.
(3) Inflow hydrographs for various runoff values were developed

from"'orps of Engineers Civil Engineering Bulletin No. 5Z-8V'
and inflow hydrograph for storm of 23 inches in Z4 hours
is shown as Curve I on Plate V in appendix.

(4) Project storm inflow hydrograph is shown as Curve I
on Plate VI in appendix.

6. Reservoir Storage Capacity:
a. Area-Capacity-Curves - Developed from aerial topography

of reservoir at scale of 1 inch to one thousand feet.
(1) Maps were planimetered at ten foot contour intervals

to El. 730 and areas determined from these figures.
(Z) Area - capacity curves shown on Plate II in appendix.

7. Outlet Structure:
a. Design Structure - Drop inlet connected to 9 foot circular

.tunnel discharging into concrete stilling, basin under east
dam abutment.
U) Design drop inlet consists of 9 ft. by 18 ft. rectangular

structure with two 18 ft. weirs, at El. 710 and concrete
cover plates top of which is at El. 717. Has < "nche;
cast iron pipe 'at EL. 688. to maintain minimum flow below
dam of 5 c. f. a. and Sb.nchesdiameter sluice gate at
El.' 686. 5 to permit lowering of lake for maintenance
purposes.
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(Z) Hydraulic design is based on unpublished papers on
results of model studies of this type of structure conducted
by St. Anthony Falls Hydraulics Laboratory.

(3) Inlet will operate under weir flow conditions until reser-
voir rises to El. 715.75+. Above this outlet pipe will
control the discharge.

(4) All outflow curves shown on plate* in the appendix are
based on the design drop inlet with cover plate constructed.'

(5) Drop inlet modified to allow operation of reservoir at
El. 71Z or above to reduce pumping costs of cooling water.

(6). Removable stop logs have been placed on 18 ft. weirs to
El. 71Z and cover plate omitted, leaving support structure
for cover plate to permit conversion to design conditions
in the future.

(7) Modifications reduce maximum flow from structure to
approximately 1500 c.f. s. at about El. 717.

(8) At El. 717 inlet will cycle between slug and weir flow;
therefore- discharge condition controlled by pipe flow
will not be attained.

8. " Spillway.
a. Chute type spillway 50 feet wide with concrete sill control section

located west of earth fill darn.
(1) Spillway is set on rock with.control section at El. 715

and discharging to natural rock channel after erosion
of overburden.

b. Spillway will function as a weir with discharge computed by
equation Q=3. 087 Lhcl. 5 where:
(1) Q=Discharge in c. f. s.
(Z) La Length of weir crest in feet
(3) ' hc= Head in feet above crest of weir.

c. Discharge curve for spillway is shown on Plate IV in appendix.

9. Flood Routing:
a. Maximum discharge and maximum elevation of various floods

routed were determined from graphical routing curves.
(1) Determined by*graphic methods outlined in U. S. Depart-

ment of Agriculture, Soil Conservation Service, Washington,
Mimeograph No. 38Z3, " Steps in the Graphic Routing of
Floods Through Reservoirs."

(2) Routing of maximum probable storm shown on Plate V and
routing of project storm is shown on Plate VI in appendix.

b. Reservoir elevation at the beginning of a given flood computed
to be 713. 0

-3-
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(L) Determined by assuming full pool (El. 715) with no
excessive inflow and outlet *structure operating at
design capacity for 5 days prior to start of flood
routing.

c. Flood routing studies are summarized in Table below.
d. Lake elevations which would have been reached by peak floods

each year of record are shown in Table B - Appendix.

FLOOD ROUTING RECORD

Storm Max. Reservoir El.

Probable Maximum
Z3" in 24 houxs 731.70
Standard Project
12. 23" in 24 hours 724. 20
Z5yr. - 3.6" in6 hours 714.50
I00 yr. - 4.4" in 6 hours 715.50

10. Summary:
a. Hydrology studies using "design drop inlet" indicate maximum

probable elevation attained by reservoir will be slightly below
* El. 732

b.- With design drop inlet, freeboard on dam constructed to El. 737
will be 5 feet or greater.

C. Design outlet structure adequate to discharge flows in excess of
25 year frequency storm with no flow through chute spillway.

d. Modified drop inlet will have slightly less than half of flow of
design drop inlet in elevation range below 715; with maximum
probable discharge of about 1500 c. f. s.

e. Modified drop inlet will cause more frequent flooding downstream
and more frequent discharge through chute spillway than. design drop
inlet.

f. Studies indicate that at least 4 foot of fz~eboard will be available
even if maximum probable storm should occur prior to construc-
tion of cover plate on drop inlet.

g. Reservoir can be converted to provide greater flood protection
if necessary.

-4-
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TABLE A

Unit Hydrograph Computations

ta 1.05 (A) 0.06 A= 147 sq. mi.
t a 1.05 (147) 0.6 1.05'(20)
t a 21 hrs. hd = No. of ordinates /day
1.: = A (Nd) a Computation interval

0.03719 = 0. Z t = 0. Z(l) = 4. Z hrs.
•. as Z4/4.2 = 5.7

.= 147 (5.7) - 22,600 c. f. a.
.03719

Duration to Las - 6/21 a 0.28
Form 80. Z0 "Unit Hydrographs In Illinois"

Time Distribution Unit Hydrograph Actual Time
(Lags) (%) Ordinates (c. f. s.) (Hours)

0.2 4.17 940 6.3
.4 16.24 3,670 10.5
.6 20.06 4,540 14.7
. 8 15.76 3,560 18.9

1.0 11.76 2,660 23.1
1.z 8.40. 1,900 27.3
1:4 "5.72 1,290 31.5
1.6. -4.08 920 35.7
1.8 3.19 7Z0 39.9
Z. 0 2. 5z 570 44.1
Z.Z. 1.98 450 48.3
Z. 4 1.50 340 52.5
2.6 1.15 260 56.6
Z. 8 .98 ZZO 60.9
3.0 .82 185 65.0
3. Z .66 149 69. 2
3.4 .50 113 73.5
3.6 .30 68 77.6
3.8 .15 34 81.9
4.0 .06 14 86.0
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TABLE B

Record Storms Medicine Creek

Converted Mfddl& Fork ,

Storm Mlax. Reservoir El. Storm Max. Reservoir El.

1960 714.0 1940 711.3
*1959 715.3 1939 711.6

1958 713.5 1938 710.4
1957 . 710.0 1937 - 712.6
1956 710.8 1936 710.8
1955 710.8 1935 713.5
1954 711.8 1934 710. Z
1953 71Z. 0 1933. 711.5
195z 712.4 *193Z 715.0
1951 713.7 1931 712.5

*1950 715.3 1930 711.5

1949 714.0 1929 712.0
1948 713.5 1928 712.9

*1947 (Max.. Record) 717.4 197 713.1
1946 713.3 1926 714.2
1945 714.7 19Z5 711.6
1944 71Z. 6 1924 712.9
1943 713.6 1923 712.0
1942 714. Z 192z 71Z. 7
1941 714.2

*Denotes reservoir elevation above 715 based on Design Drop Inlet.
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TABLE B

Record Storms Medicine Creek

Converted Middle Fork ,

Storm Max. Reservoir El. Storm Max. Reservoir El.

1960 714.0 1940 711.3
*1959 715.3 1939r 711.6

1958 713.5 1938 710.4
1957 710.0 1937 • 712.6
1956" 710.8 1936 710.8
1955 710.8 1935 713.5
1954 711.8 1934 710.2

1953 712.0 1933• 711.5
195Z 712.4 *193Z 715.0
1951 713.7 1931 71Z. 5

*1950 715.3 1930 711.5
1949 714.0 1909 712. 0
1948 713.5 1928 71Z. 9

*1947 (Max.. Record) 717.4 1927 713.
1946 713.3 19Z6 714. Z
1945 •714. 7 1925 711.6

1944 712.6 1924 712.9
1943 713.6 1923 71Z. 0
194Z 714. Z': 19zz 71Z. 7
1941 714. Z

*Denotes reservoir elevation above 715 based on Design Drop Inlet.
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Geotechnical Engineering

Inspection of Thomas Hill Dam

INTRODUCTION:

Increased dependence on water from the Thomas Hill Reservoir due to

the construction of a third generating unit and a recognized need to assure

the public of the safety of this dam has prompted Associated Electric Coop-

erative to request this investigation. Thomas Hill Dam has never been com-

pletely or systematically investigated since its completion in 1966.

Engineer Circular 110-22-136 of the U.S. Army Corps of Engineers, which

was drafted in compliance with "The National Dam Inspection Act" (PL 92-367),

was used as a guide for the various phases of this investigation. Phase I

(A) consisted of a review of design notes, subsurface investigation reports,

laboratory test results, analyses, specifications, plans and construction

correspondence. Phase I (B) consisted of a field inspection of the slope

areas, outlet works, relief wells, and the emergency spillway. Phase II (A)

consisted of a limited field survey to check alignment and elevations of

the dam. Phase II (B) consisted of a limited boring program, installation

of piezometers, check laboratory tests and an evaluation of the embankment.

The Thomas Hill Dam is located on the Middle Fork of the Chariton

River. It was constructed by the Associated Electric Cooperative to supply

cooling water for their Thomas Hill Power Plant. Burns and McDonnell Engi-

neering Company was the designer of the dam and the general contractor was

the Martin K. Eby Construction Company. Construction of the dam began early

in 1965 and it was completed late in 1966.

Thomas Hill Dam is a homogeneous earth fill embankment with a sand

blanket filter under the downstream slope. It has a maximum height of appro-

ximately 60 feet, a length of about 3000 feet and a volume of nearly 650,000

cubic yards. The outlet works consists of an uncontrolled drop inlet with a

thirty-six inch diameter gate and an eight inch diameter opening for steady

flow, a nine-foot diameter concrete-lined tunnel, and a hydraulic jump

stilling basin. A channel type emergency spillway with a concrete control

section and partial riprap lining was constructed in a cut section in the

west abutment.



The purpose of this report is to present the results of an investi-

gation of this dam following the Corps of Engineers guidelines for the safety

of dams in accordance with the National Dam Inspection Act, Public Law

92-367. The scope of this report is confined to the Geotechnical Engineering

aspects of the embankment and related parts of the dam. Hydraulic and

hydrologic studies of the dam will be presented in a separate report.

SITE INFORMATION:

This dam is located on the Middle Fork of the Chariton River approx-

imately eight miles north of Moberly, Missouri and three miles west of

State Route C. More specifically, the dam is located in Section 24, Town-

ship 55 North and Range 16 West in Randolph County, Missouri. Figure 1

shows the location of this dam and reservoir with respect to both natural

and political boundaries. Figure 2 shows the location of this dam with

respect to the existing topography and the power plant grid system. It will

be roted that the spillway is located on the right abutment, while the out-

let works tunnel is in the left abutment. Essential dimensions are given

in the following table.

Table 1 - Elevations and Dimensions of Thomas Hill Dam

Elevations:

Top of Dam 737.0 ft.

Maximum Pool 732.0 ft.

Spillway Crest (full pool) 715.0 ft.

Normal Operation Pool 710.0 ft.

Height:

Maximum above river bed 70 ft.

Maximum above prepared base 57 ft.

Dimensions:

Crest length, maximum 3000 ft.

Crest width 50 ft.

Base width, maximum 600 ft.

Slope, maximum 2.5 (H) to 1.0 (V)

-2-
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A general cross section of this dam is shown in Figure 3. Essential

features are the cofferdam, the impervious core, cutoff, upstream and down-

stream berms, the sand blanket, relief wells and riprap. A profile of this

dam along the centerline is shown in Figure 4; the essential features of this

are the spillway, outlet tunnel, grout curtain and approximate rock surface.

Geologically, this dam is located in an area consisting of a dissected

Pleistocene till plain overlying Pennsylvanian Age bedrock. Post glacial

erosion by the Middle Fork of the Chariton River has cut through the till

exposing bedrock on the valley walls while depositing alluvial material in

the valley. The abutments are underlain by clay tills, which generally

range in thickness from a few feet up to approximately ten feet. The valley

section of this dam is underlain by alluvial clay, silt, sand and gravel

deposits which have a total maximum thickness of about 45 feet. Both the

glacial and alluvial deposits are underlain by cyclic deposits of shale,

limestone, siltstone and conglomerate of the Marmaton and Cherokee Groups

of the Desmoinesian Series of the Pennsylvanian System. This region is on

the southwest flank of a broad, shallow syncline which plunges to the north-

west and produces a low regional dip to the northwest. Superimposed upon

this syncline are many smaller flexures which usually trend to either the

northwest or northeast. Thinning and thickening of the Pennsylvanian cyclic

deposits due to numerous minor folds and troughs yields a complex section.

In addition, minor faults and joints associated with the local folding increase

the complexity of the local geology.

PHASE I (A): REVIEW OF DESIGN AND CONSTRUCTION

Design Subsurface Investigation:

Over one hundred borings were made to investigate the dam foundations,

spillway section and borrow areas during the spring of 1964. Boring locations

are shown on Figure 5. It will be noted that borings along the dam center

line were made at regular one hundred foot intervals, while a two hundred

foot interval was used in other areas downstream of the centerline.

Approximately sixty packer type permeability tests were conducted in

borings along the centerline of the dam. Measured values of permeabilities

varied from 0.001 ft./day to 11 ft./day.
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Samples, both undisturbed and disturbed, were taken during the field

investigation and subsequently subjected to laboratory tests. Classification

tests, grain size analyses and consistency limits were performed on over

forty samples selected from those taken during the field investigation.

Soils encountered in the abutments and upper valley areas were generally

CH and CL types of materials, while SC, SM, SP, GM, GC and GP materials

were found in the valley floor. Consolidation tests, permeability tests, and

Q, R and S types of shear tests were performed on dam foundation material

as well as compacted borrow material.

Design Analyses:

Stability analyses were made for end of construction, sudden draw-

down, partial pool and steady seepage cases. Soil parameters used for the

analyses and the results of these analyses are given in the following tables:

Table 2 - Soil Parameters Used for Design Analyses

I Unit Weights:

Saturated Submer.ged

A. Embankment 132.0 PCF 69.5 PCF

B. Foundation

Impervious 124.0 PCF 61.5 PCF

Pervious 127.0 PCF 64.5 PCF

II Shear Strengths:

A. End of Construction

1. Ordinary method of slices - Case I

Embankment: C - 2000 PSF, TAN 0 = 0

Foundation, Impervious: C - 500, PSF TAN 0 0

Foudation, Pervious: C = 0, TAN 0 - 0.5

2. Ordinary method of slices - Case II

Embankment: C - 2000 PSF

Foundation, Impervious: CH, C - 750 PSF, TAN 0 - 0

CL, C - 500 PSF, TAN 0 = 0

Foundation, Pervious: C - 0 TAN 0 - 0.5

3. Wedge method

Embankment: C = 2000 PSF
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Foundation 5' below grade: C - 750 PSF on slope and

on horizontal failure plane C - 500 PSF

B. Sudden drawdown

1. Ordinary method of slices

Embankment and foundations: C - 500 PSF and TAN 0 -

0.213

C. Partial Pool

1. Ordinary method of slices

Embankment and foundations: C - 500 PSF and TAN 0 =

0.213

D. Steady Seepage

1. Ordinary method of slices

Embankment and foundations: C = 0 and TAN 0 = 0.487

Table 3 - Results of Stability Analyses

Reported Factors of Safety

A. End of Construction

1. Ordinary method of slices - Case I Fs = 1.29

2. Ordinary method of slices - Case II Fs = 1.35

3. Wedge method Fs - 1.40

B. Sudden Drawdown

1. Ordinary method of slices Fs = 1.30 (1.2*)

C. Partial Pool

1. Ordinary method of slices Fs - 1.5 (1.5*)

D. Steady Seepage

*Corps of Engineers recommended minimum factors of safety.

Total settlements in the range of two to three feet were predicted

on the basis of conventional elastic and consolidation analyses.

Seepage was analyzed and a control system consisting of a cutoff

trench, grout curtain, pervious drainage blanket and relief wells was se-

lected. A cutoff trench into the rock was chosen for the abutment areas,

but a partial cutoff was chosen for the valley section.

-5-



Borrow areas for impervious embankment material were selected in

the glacial till areas near the dam. River sand was chosen for the drain-

age blanket.

Construction Records:

Records of the grout curtain constructed by the P. S. Judy Drilling

Company indicate very little grout take in the shale and coal formations

An average of 1.4 bags of cement was used per foot of limestone drilled. Thre .

hundred and thirteen holes were drilled and 5085 bags of cement were used

in the grouting program.

Records of compaction control were kept but not summarized. An

examination of these records indicate that a vast majority of the densities

were between 95 and 100 percent of the maximum dry density of the Standard

Proctor test, with field moisture contents in the range of 0 to 3 percent

over the optimum moisture content of this test.

A seep area appeared about half way up the intersection of the back

slope and the east abutment late in 1966, shortly after the impoundment

began. A flow of about 5 to 10 gpm was noted and this was monitored as the

reservoir level rose. This flow remained essentially constant for several

months. Pumping for the relief wells in April 1967 gave flows of 7.5, 10 and

10 gpm for relief wells 1, 2 and 3, repectively.

PHASE 1 (B): FIELD INSPECTION

A visual inspection of the embankment and adjacent areas of the dam

was made on June 28 and 29, 1977.

Embankment: The water level at the time of inspection was down at

least 10 feet below normal pool elevation, which permitted inspection of

the riprap below the normal wave action levels. The riprap surface was

level, showing no evidence of either erosion or displacement. A few scat-

tered pieces of riprap have been badly fractured due to selective weathering.

No cracks, either parallel or perpendicular to the crest, could be detected.
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The crest shows no evidence of either area or local settlement, and

neither transverse nor longitudinal cracks could be detected.

Piezometers installed in the embankment during the construction

period were inspected and found to be dry.

The downstream slope exhibits neither arc-shaped, longitudinal or

transverse cracks. Furthermore, bulges and troughs, which would indicate

differential movement or slope stability problems, were absent. Erosion

damage, however, was found at a number of locations along the slope. Incised

gullies as deep as three feet are to be found in close intervals running down

the slope and on the downstream berm. Small trees and shrubs have grown on

the downstream slope.

Abutments: Seepage is evident on both abutments along the -boundary

with the embankement. Wet conditions have existed in these areas permanently,

since cat tails and swamp grasses are growing in these areas. The amounts of

seepage found at these locations appear to be small, less than five gpm. The

water is clear and there is no accumulation of fines, which would have indicated

piping, below the seeps. The accumulation of water in the ditches between

the embankment and the abutments is not in excess of 10 gpm near the toe.

Emergency Spillway: A visual inspection of the walls, control section

and floor of the emergency spillway revealed conditions that were identical to

those described in the design and construction reports, which were reviewed prior

to the inspection. The Pawnee Limestone, to be found in the spillway walls,

has undergone little or no alternation by weathering since its exposure.

Joints that were opened by blasting are still evident but show no movement.

The reinforced concrete control section is uncracked and appears to be sound.

Since the spillway has never been activated, there is no evidence of erosion

within the section. Small trees and scrub growth have been allowed to grow

inthe spillway, especially in the area south of the control section. Over-

excavated areas in the spillway floor have ponded water and cattails are

growing in them. Some of the limestone blocks used as riprap have weathered

badly and have shattered.
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Outlet Works and Stilling Basin: With the gates of the intake struc-

ture closed, the outlet tunnel and stilling basin were pumped empty for

inspection on July 29, 1977. The intake structure shows no signs of distress

and only a minor amount of scour of the concrete at the invert is evident.

Minor leaks, less than 1 gpm, were found along joints in the tunnel and many

of these joints have carbonate deposits around them. No evidence of struc-

tural distress, such as longitudinal cracks or cracks between joints, could

be found in the tunnel lining. The stilling basin has experienced some minor

damage to one of its dissipaters, otherwise it appears to be in excellent

condition.

Downstream Aftea: This area was ponded with water one to two feet

above the relief well drains at the time of the first inspection. Scrub

growth, small willow trees, swamp grasses and cattails were growing over the

area. Bottom ash, probably from the stock piles immediately adjacent to the

downstream area, and material eroded from the slopes had accumulated in this

area. Evidence of small animals, beaver or muskrat, was in the area. This

area was cleared demucked and drained during the last week of October 1977.

Relief Wells: The relief wells could not be inspected on either June

29th or July 29th of 1977, since the water levels could not be measured until

the downstream area had been demucked. Water levels were first measured on

November 16, 1977 and are reported in the following table. Crimps were report-

K- ed in the relief well tees at this time, but flows of from 5 to 10 gpm were

observed.

Table 4 - Relief Well Measurements

Well Depth of Well* Depth to Water*

No. Ft. Ft.

1 50.2 10.5+ 11.1++
2 50.5 11.2 11.2
3 50.6 10.4 11.0

• From top of well casing

4 November 16, 1977
++ March 15, 1978
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Due to adverse weather conditions and problems with equipment availability,

the relief wells were not inspected and tested until the 15th and 16th of

March, 1978. Each well was measured, inspected for corrosion and damage,

and pump tested. A small submersible pump was placed near the bottom of a

well and the well was pumped at a rate of 14.5 to 15.0 gallons per minute

for approximately two and one half hours. Drawdowns of three, four and

five feet occurred in relief wells 1, 2 and 3, respectively, within two

minutes. Adjacent wells were observed during the pumping period, but no

observable changes in water levels took place. Water from the wells was

collected to observe turbidity, but the water was very clear. Checks were

made of the quantity of flow during the pumping period. After the pump was

shut off, the water levels returned to their original position within one

minute. From these observations it may be concluded that the relief wells

are in good condition.

Phase II (A): Alignment and Elevation Survey

The centerline of the roadway, which is 12.5 ft. upstream from the

centerline of the dam, was checked for alignment and elevation in May, 1977.

In addition, the elevations of the dam were measured on 10 ft. intervals at

three cross sections, stations 28+00, 30+00 and 32+00. Except for some erosion

rivlets in the slopes, the slopes exhibited no undulations and retained their

original dimensions. Little or no settlement was evident.

Phase II (B): Additional Investigations of the Embankment

On July 20-25, 1977, three borings, D-197, 198, and 199 were made on

the embankment at station 29+00 at 30, 150 and 250 feet south of the center-

line, respectively. A drill r~g using a 4-inch auger was used for making

all of these borings. Shelby tube samples (ASTM D1587) were taken at depth

intervals of five feet in all of the borings where cohesive soils were en-

countered. Standard Penetration tests (ASTM D1586) were performed at depth

intervals of five feet where sands, in the blanket, were encountered. Three

(3) boring logs describing the materials encountered, their depths and thick-

ness, and sampling locations are given in the Appendix.

Piezometers, of the open tube type, were set at depths of 50 and 82

feet in Boring D-197, and at depths of 11 and 9 feet in Borings D-198 and 199,
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respectively. The open tube piezometers, Casagrande type, consisted of a

porous tube, 1; inch outside diameter by 24 inches long and connected to

inch outside diameter polyethlene plastic tubing. Ottawa sand was used to

encapsulate the porous tube in the boring and two feet of bentonite was used

to seal the borehole above the sand backfill.

Thirty-one Shelby tube samples were visually inspected and represen-

tative specimens were selected for testing. Classification tests, including

grain size analyses (ASTM D422) and consistency limits (ASTM D423 and 424),

were performed on four samples. The results of these tests are given in the

Appendix and are summarized in the following table.

Table 5 Classification Test Results

Boring Depth, Liquid Plastic Pass Unified

No. Feet Limit % Limit % #200 Classification

D197 13'-15' 40 16 71.2 CL
D197 68'-70' 27 16 61.9 CL
D198 8'-10' 41 17 72.9 CL
D199 81-10' 36 14 69.7 CL

Six unconfined compression tests (ASTM D2166) were performed to

ascertain strength variations, and these results are shown iti detail in the

Appendix and are summarized in Table 3.

Table 6 Unconfined Compression Test Results

Boring Depth, Dry Density Moisture Unconfined Axial Strain
No. Feet PCF Cotent % Strength At Failure

PSF

D197 3'-5' 116 15.2 8100 6
D197 8'-10' 118 16.3 7200 11
D197 28'-30' 116 15.3 11000 3
D197 43'-45' 118 13.4 11100 2
D197 63'-65' 108 19.8 6700 5
D197 73'-75' 99 24.9 2100 6

Permeability tests were performed on three samples of embankment

material and one sample from the sand blanket. Two of the samples, ST-15

and ST-3, were remolded due to sample disturbance. The results of

these tests are given in Table 7.

-10-
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Table 7 Laboratory Permeability Test Results

Boring Sample Depth, Dry Density k, Permeability
No. No. Feet PCF Coefficient cm/sec

x 10-

D197 ST-7 33-35 115 0.15
D197 ST-13 63-65 105 0.28
D197 ST-15 73-75 109 0.72
D198 ST-3 13-15 101 270

Consolidated-Undrained (R) triaxial tests were performed on two

sets of three samples of the embankment material and one set of three sam-

ples of the foundation material. Results of these tests are given in de-

tail in the Appedix and are summarized in Table 8.

Table 8 Consolidated-Undrained Triaxial Test Results

Boring Depth, Dry Density 0 C
No. Feet Range PCF Degree TSF

D197 13-15 114-117 20-7 1.4
D197 68-70 104-106 11.3 0.5*
D198 8-10 112-114 17.6 1.0

* Questionable test results, silty clay with sand lenses.

Consolidated-Drained (S) direct shear tests were performed on three

sets of three samples of the embankment material. The results of these tests

are given in detail in the Appendix and are summarized in Table 9.

Table 9 Consolidated-Drained Direct Shear Test Results

Boring Depth, Dry Density 0 C
No. Feet PCF Degree TSF

D197 28-30 109-116 21 0.6
D197 43-45 116-118 29 0.3
D199 13-15 108-110 26.5 0.3

It will be noted that these shearing strength exceed those used in

the original design analyses using Corps of Egineers methods; therefore, there

seems to be no need to undertake the expense of additional stability analyses

by other methods.

SUMMARY:

Phase I (A) - A review of the complete design file indicates that a

standard, conservative desjgn procedure was used. Construction was routine,

at least accordine to the construction records and correspondence. Less
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quality control work was used than would be required now. However, the quality

control work that was done indicates reasonable density and moisture control

was being used. Small seeps developed in the abutments on first filling, but

this is not unusual for dams founded on limestone in this area. Construction

correspondence reveals that they were monitored periodically after they de-

veloped and that the quantity of seepage did not increase.

Phase I (B) - An inspection of the dam revealed a few minor problems.

The downstream toe area had been allowed to silt up and pond water, and minor

erosion by rainfall runoff had taken place on the downstream slope. Shortly

after this was brought to the owners attention as undesirable, :the area was

cleared. Other than these problems, the dam appeared to be unchanged from

the time of construction. The relief wells were tested and found to be in

good condition.

Phase II (A) - A check of the alignment and elevations of the center-

line and at three cross sections revealed that the dam had undergone virtually

no settlement or distortion.

Phase II (B) - A limited boring and testing program indicates that the

materials used in the embankment and filter agree with the descriptions given

in the design and construction records. Shear strengths exceed those assumed

in the original stability analyses. Piezometers were installed in the bore-

holes for future monitoring of the dam.

CONCLUSION:

This dam meets the safety requirements as set forth in Engineer Cir-

cular 110-22-136 of the U.S. Army Corps of Engineers. However, an annual

maintenance program should be instituted by the owner to insure future use

and safety of this dam. In particular, the downstream should be kept clear

of sediment and scrub growth, the erosion features on the downstream slope

should be filled and seeded, and the entire area should be kept cleared of

scrub growth and routinely mowed.

-12-
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DRILLING LOG

J.o N. Z ---
7 

-. PRO J ECT.? ? , . //.# H.OLE ........... . N0. .....P.2. .. .

GROUN ...... ...4 -- ftR --- 3 . rGo,,,o EEv... . .... LoC,,A ..T .., .*.." .. . .......'. ... ~ . SHEET .... ..OF .....
ORILLING HOLE OVERBURDEN BEDROCK OVERBURDEN NO. CORE % CORE ] A ER

TYPE DEPTH FOOTAGE FOOTAGE SAMPLES -aOXES REC- VER" TABLE

4",,. ,,# 84?84- /7 - ..... I......

ORILL G c N ..G&,0YI2." .. (... ., , Zno,,,,/ -DRLLR ----------------------

DRILLING -. . . ---------------------------- PENETRATION TEST ...... -------------------------

DRILLING OATE.....A9/.77 . o...,/./ ......... .................

DEPTH D E S C R I P T1I 0 N LOG CORE BOX OR

OR No. RECOV SAMPLE REMARKS

CLASS BLOWS & LOSS NO.

r --1
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7
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BURNS & McDONNELL ENGINEERING COMPANY

DRILL ING LOG

P RoJ EC.T . .! .. . . . . y ......... o o... :. 7. ... ........ 4 o,..:5 ..

LOG N CoRE BOx OR
DEPTH D E S C R I P T I 0 N OR N Rccov. ScAPLE R £ U A R K S

CLASS BLOWS & LOSS NO.

- dc-,p i 'o . , plazit;. te 4L.,. 2A3
I -- Of 4,,c ,#.av

I'

'7

z C/O>, y 44 - - - - -
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2a -- --

31z
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DUINS & McDONNELL ENGINEERING COMPANY

DRILLING LOG

P ,JEC
T
... A l.-.. ... N:. ., ........ HOLE NO..2.:.d.7 ......... S.E,.....

•LOG CORE Box oft

DEPTM D E S C R I P T I 0 N OR NO. RSCOV. SAMPLE R E m A R s

fCCLASS BLOWS &LOSS. NO.

34 .- 4 4' , ?ravf, Cf /0 c,/0

35 p/=sr'r",y. -.

35

37

4 lc., p I cpie -0-0

40

41

4Z
4 -Z C(C- . C, L../ .. ,

15~44
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BURNS V cDONNELL ENGINEERING COMPANY

D R I LL ING LO0G

..... ..... HOLE NO. ... ... ... .. SHEET. : - O --

LOG ConE Box on
DEPTM D E S C Rft P T 10 N OR It NO RECOV. SAMPLE R E M A ft K S

CLASS BLOWS &LOSS NO.

S4 'Very-

4CAr 4o z, 4, c4Il

S7 - -A -,. -471
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BURNS & McDONNELL ENGINEERING COMPANY

DRILLING LOG

.. .... .. ....... . ... ....... ,. .. ............ ....... . . .. O .' . .
PROJECT.---------------------------- HOLE No .............----.

L OG N CORE BOx OR

DEPTH D E 5 C R I P T I 0 N OR NO J RECOV. SAMPLE R E M A R K SCLASS SLOWS &Loss NO.

6 ~~~~~~X~S J&I4~~G? ,4 4 y~~ ~ APsIPd O

70 -

7f

7 p. -- -

-7 4 Z4 7 - , , .
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SDRILL ING LOG

Job No..7.:.Qll:.1 ..... PIoJECT/A4;..-M A. HOLE NO. -------

GROUND ELEV.. l-. ..... LOCATION. 51Xiag ------- O

DRILLING HOLE OVERBURDEN BEDROCK OVERBURDEN NO. CORE CORE *IATER

TYPE DEPTH FOOTAGE FOOTAGE SAMPLES BOXES RECOVERY 
7
ABLE

............... ..................... ......-- -----------... .....

DRILLING c..a ma~. aJ ti-wR lA7 efgI ---- DR ILLER ------------?

DRILLING RIG ...... -- ........................ PENETRATION rEST .... . ...........................

DRILLING DATE. ..7p//7...- .TO.7n ----------.. ..P.--.r. ................

DEPTH D E S C R I P T I 0 N LOG .CORE Box OR
OR RECOv. SAMPLE REMARKS

CLASS BLOWS & LOSS NO.

- i p-5444 .

* B.-.,'., $.w, ,, cs ,.. pls,,.-.. ,

4Z

7 -

13
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BURNS & McDONNELL ENGINEERING COMPANY

DRILLING LOG

P ROJ, .. ......... Ho, Eo.L..9....- -------------- Su ..- ., o.-

LOG CORE Box OR
DEPTH D E S C R I P T I 0 N OR NO. RECOV. SAMPLE R E 4 A R K S

CLASS SLOWS & LOSS NO.

1-7 1
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4o 
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-- ---
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2-4 15p / crv

3o -- -

3'
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BURNS & McONNELL ENGINEERING COMPANY

DRILLING L0G

PRoCT.4.- ...... ..=. A 2 . HOLE .......... OO O -- .SEEr _. ... o,.. ....

LOG CORE S x OR
DEPTH D E S C R i P T 1 0 N f OR NO. RECOV. I SAMPLE R E M A R K S

CLASS BLOWS & LOSS I NO.
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47

46
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DRILLING Co... nt lR I--L---------.---------
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LABORATORY TEST RESULTS
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KANSAS CITY TESTING LABoRATORY
76-0 17- 3-005

BORING NO. D 197 SAMPLE NO. DEPTH: 3.0-5.0 ft.

% PSF
STRAIN STRESS UNCONFINED COMPRESSION-

0.9 3611-

1.3 5161--

2.7 6281 -

3.6 7071 -

6000 ---------- ---- - -

5.4 8003

6.3 8066 .- -. .

FAILURE SKETCH - -.--.- .-..- . .

2000 - - - - - . . . .. -

I % . .TRAIN1

2-0 4.0 6.0 8.0

DESCRIPTION: Brow~n silty clay with calcareous deposits and subangular
garavel

DIAME7ER: 2.83 in.

HEIGHT: 5.58 in.

MOISTURE: 13.2 percent

UNIT DRY WEIGHT: 115.9 lbs/ ft 3



KANSAS CTY TESTING LABORATORY
76-017-3-005

BORING NO. D 197 SAMPLE NO. DEPTH: 8.O-iO.0 ft.

% PSF

STRAIN STRESS UNCONFINED COMPRESSI C'

1.3 3062

2.7 5044

4.5 6257

6.3 6898
6000 .. . .

9.0 7123

10.8 7156 .. . ....

4000

FAILURE SKETCH /I

/

2000 % STR.IN

. 8.0 02 0

DESCRIPTION: Brown mottled gray silty clay with calcareous denosits
and small rounded Rravel

DIAMIETER: 2.S5 in.

HEIGHT: 5.58 in.

MOISTURE: 16.3 percent

UNIT DRY WEIGHT: 113.0 lbs/ft -

,. - -



KANSAS CiTY TESTING LABORPTORY
76-017-3-005

BORING NO. D 197 SAMPLE NO. DEPTH: 28.0-30.0 ft.

% PSF

STRAIN STRESS UNCONFINED COMPRESSICr.

0.4 3236

0.9 5573 -

1.3 7307

1.8 .8619

2.2 9607 ±000

3.1 11012

No failure 800o

FAILURE SKETCH

4000-

I % STRAIN

DESCRIPTION: Licht brovn slightly silty clay with minor subrcunded
4ravel

DIAMETER: 2.S5 in.

HEIGHT: 5.38 in.

MOISTURE: 13.3 percent

UNIT DRY WEIHT: 113.7 lbs/ft3

* S - "p



KANSAS CITY TESTING LABORATORY
76-017-3-005

BORING NO. D 197 SAMPLE NO. DEPTH: 43.0-45.0 ft.

% PSF
STRAIN STRESS UNCONFINED COMPRESSION

0.4 3528

0.9 6371

1.3 8443 ..

1.8 10035

Z2000
2.2 11112

No failure --"

L0

8000 C /

FAILURE SKETCH
I

"000 / . .. ..

I' % STRAIN

2.0 4.0

DESCRIPTION: Lil..ht brown silty clay with calcareous deposits and
subangular gravel

DIAMETER: 2.5 in.

HEIGHT: 5.58 in.

MOISTLRE: 13.4 percent

UNiT DRY WEI-T: 118.2 lbs/It



KASAS CITY TESTING LABORATORY
76-017-3-005

BORING NO. D 197 SAMPLE NO. DEPTH: 63.0-65.0 ft.

%PSF
STRAIN STRESS UNCONFINED COMPRESSION

0.9 3199
8 0 0 0 . . . . . . . .. .. . . .1.8 5017 .000

2.7 5949

3.6 6457 -
6000 - . . .-

4.5 670_

r .k

"000 -. --

FAILURE SKETCH /,1 /
............ ..

i ] ~00 ........... ...........- . . . . . . . .

.......... i STRAIN

2.0 4.0 6.0

DESCRIPTION: Dark brown silty clay with minor slickensides and
iron nodules

DIAMETER: 2.85 in.

HEIGHT: 5.58 in.

MOISTURE: 19.8 nercent

UN!T ORY WEiH7: 138.0 Ibs/ft
3

S - . . .



KANSAS CITY TESTING LABORATOmY
76-017-3-005

BORINE NO. D 197 SAMPLE NO. DEPTH: 73.0-75.0 ft.

%PSF

STRAIN STRESS UNCONFINED COMPRESSION

0.4 852 . . ."

1.3 1397 , -

2.2 1911 - -

3.1 2320

4.5 2708

5.4 2915 7 . .

6.3 2933 , .

14000

FAILURE SKETCH

"f f/ . .. STRAIN

L. 2.0 4.0 6.0 8.0

rESCRIPTION: Gray silty clay with sandy lenses

DIAMETER: 2. 85 in.

HEI2zHT: 3.38 in.

MIOISTURE: . 9 percent

'[-'IT DRY W--T: G nercent

. * -- .
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KANSAS CiTy TESTING LABORATORY

co-,cient o ee-ab-'''' l.tty k,20 10 cae/mc

0 2 3 4 5 10 20 25

* Ill l

.60
- I , -

p , IIs Ift

TneI- ofSeie1ni t r e eoeTs lt rTs

i I I : :

I,, I I

I i ,' I I II

Dl 2 ! ij. Ht 1_,0 j. lwtrCnet . .4. ... 6.

Ovrure Prss , pi T/s ft ati, e 54 50

i as it i i h at e. x 10 I 1 s

I 3 assumed
Thma i I 11 76014-1

Ii

IBurn an Mc" nl l

0.1 0.2 2 3 t 5  10 2025
Pesure, p, T/sq ft

Type Spee1.-n undisturbed hfr etAirTa

Dim 2.0 to. t i E', I 005 Hn ater Content, v O  22.4 I " 26. i
Overburden Press.-e, Pe T/sq • .540•5604

,. r, Cmso1, r 5_ss-. , c T,/sq ft ~ u on  s 101.7 stJ 123.4

iest.calion no u 0e - X 10. 0m/seC

, 2;. 63 assumed ..-. C Thomas TSRilE 7-R1-

_______-___ Burns and McDonnell

eaZ 1"_ n . Ares

* slghtl l ay with 'l Sr' rio. PP162 S t o. ST2

limest-one nodules '---"__

CONSOLIDATION TEST REPORT



KANSAS CITY TESTING LABORATORY

7ofriclent of Permabi1ity, "2 0 ' 10- ca/sec

:.~ ... ~5 . 2 3 5 10 20 25

tIj I

0.1 0'.2 J., 3 0-40 2 3 4 5 10 20 25
Pmsuz, p, T/sq ft

TnaW Of S.eclme undi.stur-bed Before Test 1 After Test

Diam 2.0 1-. Ft~ 1,0 te Conatent, V. 24.5 2.

Overb-arden Pressu.-re, Po "old Ritio, eo .6162 .700

LPrecoasol. Pressj.re, pc. ':;:.t .Stzan S0  105-1 Sf 5 0-

Comprasica Index, C. ,r7 Denity, 7, 99j b/t

C1&siI~Ct~ol: z. at e. =x 10- c/sec

i~Z~a~sue~ ~ Thomas Hill 76-017-1
__________ -Burns And McDonnell

~rz Bro" siltv C71 Area

Bjr___j.ag Io. ST 166 ISamp1.e No. S 2
*Depthf

CONSOLIDATION TEFST REPORT
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NATIONAL DAM SAFETY PROGRAM. THOMAS HILL RESERVOIR DAM iMO 1013--ETC(U)
MAY 80 R S DECKER, 6 JAMISON, G ULMER DACW43-80-C-0071

UNCLASSIFIED NLEEIIIIIIIII
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KANSAS CITY TESTING LABORATORY

.oe rrc;.ent of Pezue bility, k20 ' 10 ' / c0 25

.. 2 . 0.%,0o.5 2 3 5 10 2025

6z0

o 55

,,

0

L 

Type of Specimn undisturbed AtrTs

nit 2.0 -1. ._ol 22.0 26.1

O0verburden Prvsuxe, 110 T/eq "t 0od~O .5701 f .6379

' ' t I _ *

Preconaol. Pmu*.., PC 1;3q ft ,Saturation, S0 102.3 % Sf 108.4
i , D ry Density, 7

. b/ft

I i;iL a ct. " x 1.0 am/sec

ClasPifssatl, 1 , T/

-.65 ssitme ieu d Thomas Hill 76-017-1

______2.0 _ ".Burns and McDnnnpll

Remarks Bro-.-n silty trlav Ae

___ __ __ __ __ __ __B oring No. WA 176 Semple No. S I

___________CONSOLIDATION TEST REPORT

- - ---- --- 15. br

-------- ~ aled--- --- - -- - -- - -- - -- - -- -.



KANSAS CITY TESTING LABORATORY

Coefficient of ?ermisbLJ.ty, k 20 10' ca/sec

3.i 3.2 .0.3, ., i 2 3 Is 5 10 20 25

.70 +I --

'4'0
I U1 N

0.1 0.2* J. -- 345 1 02

Prsue p, T/, ft~ii

..o , , -

T-

0 I

'I

Dian 21. 1- .2 FJ.t I 0010n. 20- onet 0 2. 25
.O1eb Psr Y 2

Presauze, p, T/uq p0

Typ Ofspeclien undisturbed h Bfore Test A.fter Test

r,-- 2.0 i=" ite 1.002 i.n.I ater Cel, Vo, 23.2 %{. .......zg...-1.
O~erbmardtn Pressux-e, Pa '/. f V [ ti O 1  o0 0.622 - 0 6

,- ?.caSoJ., n-,,,su-e, Pc T/sq tt £ -ttuztoo, So  98.8 % sr 103.5
cl ssctno I ex. c. Dry Dnsity, ?d 102.4 lb/ft 3

Cassifl.t I at e o  X 10" cm/sec

. 6 - .65 assumed I ..-ect Thomas Hill :-'76-017-1

15 Burns and McDonnell

*.sr~sBrown silty clav with Axes

iron nodules and calcite B No. SB 209 ISMf * Na. ST 1

- .__ ____4.0-6.0 ft. Dt e

_ _ _CONSOLIDATION TEST REPORT

I



KAs CiTY TES=iNG LABORATORY
Burns and McDonnell
Assoc. Elec.-Thomas Hill
76-017-1

PERMEABILITY TEST DATA
r

I

Boring Sample % Moisture Density
No No Depth, ft Initial Final PCF k x 10 6

D 197 ST 7 33.0-35.0 15.3 23.1 115.1 0.15

D 197 ST 13 63.0-65.0 20.9 21.8 104.9 0.28

D 197 ST 15 73.0-75.0 15.5 23.3 108.7* 0.72

D 198 ST 3 13.0-15.0 0 17.8 101.0* 270

Boring Sample Days
No No Depth, ft Saturated Description

D 197 ST 7 33.0-35.0 18 Light brown mottled gray silty
clay with calcareous deposits

D 197 ST 13 63.0-65.0 14 Dark brown silty clay with minor
slickensides and iron nodules

D 197 ST 15 73.0-75.0 13 Gray silty clay with sand lenses

D 198 ST 3 13.0-15.0 6 Tan, medium grained sand

*sample remolded

S *
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KANSAS CITY TESTING LA.RATCi Y
~A X IA L COM P RE SS IU N

MUjiR STRESS ENVELOPE
R-TEST

RC -Thomas Hill PROJECT NO: 76-017-3-005

BoizIXC- N~O: D 197 DEPTH: 13.0-15.0 ft.

DESC'i~T~': Brown mottled gray silty clay with sand and gravel. Sample no 3
had sl'lckensides

6.0-

L

-2.0 0 2.0 4.0 6.0 8.0 10.0

~ ~ 12 3
13.3 16.2 16.3

*:jT:;.w.116.7 116.7 114.1
o~ .36 0.71 2.16

'~RL- xr4.65 4.86 6.41
RA .0 12.5 7.2



KAtwSAS CITy TESTiIG LABOTORY

T R AX I A L C 0 MP R E S S I 0 N

STRESS-STRAIN RELATIONSHIP

Thomas Hill PROJECT NO: 76-017-3-005

2: D 197 S.APLE NO: ST 3 1 DEPTH: 13.0-15.0 ft.

4.01

2.0 _ 7..

* 1 I

1.0 -

1.0 I _ _ _ __ _ _ _ _

k AXIAL STRAIN

2.0 4.0 6.0 8.0 I0.0 12.0

L_

^.85 in. HEIGHT: 5.58 in.

15.3 nercent UNIT DRY WEIGIT: 116.7 ibs/ft -

5 PSi NATURAL X RE,. O1.DED

-. 63 TS!. AXIAL STr.%IN: 9.0 percent

9 9



KANs Ciw TES-1;4G- LAsc~aucOin

TRZIAXIAL C 0 1.PR E SS IO0N

STRESS-STRAIN RELATIONSHIP

X. Thomas Hill PROJECT NO: 76-017-3-005

~ : D 197 SAMPLE NO: ST 3 2 DEPTH: 13.0-15.0 ft.

4.0

3.0.

XXA SRI

.. 8................0 10.0...1.

-. 53~ in HEGT 5.5 i n

16'preI/UNTDYWIH: 1. b/t

. AXIAL STRAIN: 1. pecn



I1

KANSAS CiT STuG LAncuT' Y

7. iAX IAL COMPRESSION

STRESS-STRAIN RELATIONSHIP

,, :' Thomas Hill PROJECT NO: 76-017-3-005

D 197 SAMPLE NO: ST 3 3 DEPTH: 13.0-15.0 ft.

7-
* 1i

6.0 - -

3.0. __ _ _ _ _ _ _ _ _

2. . . . 10.0

/.3 .: - . .

, II ,

... .. pe c n UNI DR WM T 11 . - -- f

-. . - .. . .

0.41 TSF ~AXIAL STRAIN: . ecn

2.0..060-80 0.

--. n.H IGT 5.5 n. .

I -



KmsAs CiTY TESTIG LABOaATO ¥
- ,A X I A L C 0 M P R E SS I 0 N

MOHR STRESS EN/ELOPE

R-TEST

Thomas Hill PROJECT NO: 76-017-3-005

D 197 DEPTH: 68.0-70.0 ft.

Gray mottled rust, sandy, silty clay with sand lenses

T

3.0

6.0

4.0

2.0

NOMILU STRESS TSF

-200 2.0 4.0 6.0 8.0 10.0

1 2 3
19.3 19.0 23.1
105.6 104.0 104.3
1.73 3.46 6.91
1.52 3.90 2.72
117.6 16.9 17.6

I -•

4.04.-



±AXIALKAmsAs Cat TES-MG omi-oa::.

R AX A11COMPRESSION

STRESS-STRAIN RELATIONSHIP

*Thomas Hill PROJECT NO: 76-017-3-005

*. D 197 SAMPLE NO: ST 14 1 DEPTH: 68. 0-7 0. 0 ft.

2.0-

1.0

1.0 -. 9.0 12.0 15.0 18.0_

oAXIAL STAIN 1.6prcn



KAusAS On- TESiG LAsopuwv.

Ai LX I AL CO0M P RE SS 1ION

STRESS-STRAIN RELATIONSHIP

Thomas Hill PROJECT NO: 76-017-3-005

D 197 SXIPLE NO: ST 14 2 DEPTH: 68.0-70.0 ft.

4.0.

'.65 in HEGT: . 5 in

!?.0 ~ ~ ~ --- p-n UNI 4. EGT 040lsf

- ~ ~ S / U__ __!___ __ __ __ __ __

3.2.0AXA 69 ecn



KANS Uir TESTiG U0 iA u Y

T IAX A O P E S O- 2 A:£I A L C 0 M. P R E S S 1 0 N

STRESS-STRAIN RELATIONSHIP

Thomas Hill PROJECT NO: 76-017-3-005

D 197 S.'QPLE NO: ST 14 3 DEPTH: 68.0-70.0 ft.

4.0

3.0 . .

2.0

1.0 j. ..

% AXIAL ST.\IN

3.0 t..0 9.0 12.0 15.0 18.0

'.83 in. 'E=GI"T: 5.58 in.

23.1 percent UNIT rP!' v;ErY T 104.3 lbs/ ft 3

N PSI \ATUIAL X ",1,4,: !:r

-,' S F .. 7.'1%i : 17.6 percent

I 'p. -



KNsAs Ci-, TESTiNG LnBORATG.Y
7 1 . L C 0 NI P R E SS I N

NIIUHR STRESS ENVELOPE

R-TEST

77, Thomas Hill PROJECT NO: 76-017-3-005

E-,:N\c :O: D 198 DEPTH: 8.0-10.0 ft.

£ESC2PI.TP : Brown, tan and gray mottled silty clay with sand and minor gravel

3.0 -.....

2.0 -

NOR.LL STRESS TSFIL . ..

-1.0 0 1.0 2.0 3.0 4.0 5.0

-o .. 1 2 3
','. ': ZT E17.6 17.5 18.1

L'Ni-iRX %: 114.2 113.4 112.1
0.15 0.50 1.51

' ' -- 3.-7 3.14 4.0 7

-. 10.8 12.5 12.5



KmisAs Crry TESTMG LAWY

AX I A L C O M P R E 5 S I 0 N

STiRESS-STRAIN RELATIONSHIP

Thomas Hill PROJECT NO: 76-017-3-005

D 198 SAMPLE NO: ST 2 1 DEPTH: 8.0-10.0 ft.

4.0

I-

3.0

2.0

/

1.0-

/ % AXIAL STRAIN

2.0 4.0 6.0 8.0 10.0 12.0

'5 in. HEIGHT: 5.58 in.

17. UIT F7Y 1EGIT" 114.2 lbs/ft3

, i.\TUCr\. XOLPED

3.- 75 ,%!.[. SrR\I;: 10.8 percent



Wa~s CiTY TESiwcG LsopwATCK

T * l.-X IAL COMPRESSION

STR~ESS-STRAIN RELATIONSHIP

Thomas Hill PROJECT1NO: 76-017-3-005

7 D 198 SX4VPLE NO: ST 2 2 DEPTH: 8.0-10.0 ft.

4.0

3.0

1.0- -_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _

%AXIAL STRAIN

2.0 -.0 6.0 8.0 10.0 12.0 14.0

zi 3 i:~ HEI1G1 T: 5.58 in.

UNIT DRY h*EI~lT: 113.4 lbs/ft'

7NATUIUL X PrEMCr, UlED

\xi.%!. sTPr\N%: 12.5 percent



W~ESAs CHiY TES-fixG GIv

':--AX IAL COM1PRESS ION

STIU.SS-STPUIN RELATIONSHIP

Thomas Hill PROJECT R;O: 76-017-3-005

D 198 SAM~PLE NO: ST 2 3 DEPTH: 8.0-10.0 ft.

4.0

3.0

Z.0 -

1.0/

a AXIAL STRAIN

2.0 . 6.0 8.0 10.0 12.0 14.0

:35 in. HE IGI:T: 5.58 in.

1NUT DIRY 4.EIGiT 1-.1 1bs/ft'

.3;. %Y 1 L 5 7?.: 12.5 percent



W~~a~s Ci -, TESTUi;G LAowAt~Y

I AX I AL C0 M P RE S SIO N

STRESS-SThIN RELATIONSHIP
R-tes r

U Thomas Hill PROJECT NO: 76-017-3-005

D 199 SX'-ILE NO: ST 2 DEPTH: 8.0-10.0 ft.

1.0-_

. AL STRAIN

L
:06.0 8.0 10.0 12.0 14.0

-. HEIC1T 5.58 in.

* ~c-'tUN;IT nAY t1'.E!Gi[T: 107.0 2.bsif&t

%ATUPAL X r 0-2LP

5-\1: 12.5 pecn



KANSAS CITY TESTING LABORATORY

2-

- " i - -.- -

2 '46

Normal Stress, o , T/ :q f.t

-,, 1."tent " 17.7% 14 .6 % 14 . I

- . I * ._.,1 ?a ; c e 0 .  546 .463 .454 _

{- i .. . . .; . . . 1 - -" : ! ' ! : " 1 '- ] "  I

_At-_;_rat c 86.9%1 84.5%1 70. 814

d~ 108.6 114.8 115.5
' " ... .. . C .. 

--
.5 46 i .440 .420 _",__

m 7 .<0.5 1 <0.I5 <0. 5. ,

.. e - i-nter t vf 22.9%116.1 16.2.

1_ .552 .440 .408
:or~Ze:-a:a- .I L ion S- 111.2%198.1 ~I106. 4$ i

..-,-.- 55 70.35

0.774_ 1.750 14.694

. .. ... .. . . ; ft 72 2 . 1.180 -.426

* .. ... .. - j.~ Str i sa iz
4..'904 :o I 5 1. 0 . kns

~.Olive orown- slit' cllv z.- Thomas Hill 76-017--OQS
;ith sand and zri~v Burns and McDonnell

4-~sr: onsolida:.dd 3 davsr .'*

-&ear suetc ~5. D 197 STe 6~

-. 28.0-30.0 ft ~_

DIRECT SHEAR TEfT REPORT
dft



L ,SAS Cfiy TESTING LAsORATORY

:,crmaj St-ess, c T/sq fl.

.K - --- *

1 2 3

- " - : .....C 14.4 . j . 4 -

. .. . -. . ., - . - "

e 10.439 . 5 1 0433
. .. .. .. . . 6'e'' *"1 83 7 86-7

? iersity. . i -./. . .. . 1 17z .6' 116-1 3, !

.jIVi, raTro &.mer-rn c. : I.uti on c .4 3 0 10 .4 2 0 0 .3 8. ..

t i! ~ ~ ~ n: ..... Lon m!.. . r, .01--  <0-° ' .5 i<. 1<4. . 0 ~ i f
_____ ____ _!_7-1fi.i I 16.5% 14.6%1. 15.1* _ __

. e. f0.450 0.423 ,0.376

"1::'- . ".n t 91 .159 -
' 4

mlstress

".. : 1.141 12.495 6.894
* - ___.._ :. - .- . 0.945 11.701 3.136

.3 TSF

- "'. L-". n I : ed stress Centrolled strain

, :_-_,.__ - 4.904 . 10 .

-.- n .~2..I .... Thomas Hill 76-017-3-009

.s-Ity clay wiCh 6a. Burns and McDonnell

-t t: . ,- 3 " -" . D 197 ST q

.xc , Shear .,ved .55-, 43.0-45.0 ft .ate _

.nlQh ;Pij,,.r DIRECT SHEAR TEST REPORT



K-sAs CITY TESTING LABORATGO,

a

*I K . . . . . . 4

12 3

,oua St e s .. . . T/s ft.. +..

_ 2 3

t +" ,_ _.. . . . ... ._._ _-__ ___.. ._. "_. . "_ _. ,_ _ __+?+i--t i

r

7 -"

___ ._ 86.3  0.% 8o~ 39.7"

:3 1e Z'; It Yd 110.0~ 18.3 1098. .

K .566 10.56672 1 .~.A
-.. .a. ita e

-- _'>e - s+ .a., " o ' o ' . e " i n

l i c 
0 5 u a .d 0 .o 1 3

.. ............. e -. . b_____O_ __,___________T _

S-:*;*. D 19 + S 3

-- '.~-. her p id---Z2 :'.i,-=+ -_DRC SHEAR 90ESTl REPORT

95.6% 96 I.! 100

:; ".-:-=:.n.;; 80. <o 5 IAos

""- "-"-, -i' -  ' ' '<-  i' 10.!s6 0. 6 74 2.453

[ ,.. . t~': l'Lq T 0.34 10 521 1 337

--.. :. .. " "4 . 9 0 4 - ". .;-;a r e 1 . 0 i n . n c i n e s :

t -:+-: .... diie mo:!+d':ra + .+- homas Hill 76-017-3-005:

silty clay with tact. of Burns and McDonnell

_ _ ~~~sa n %d a n d - 4 r a v e i . . . ' -'l,,

-, -. N:. D 199 --. tz .. ST 3

•3 days , h. r sr . ,,3 A / ,IRECT SH EAR TEST REPO RT


